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INTRODUCTION (U)

{S) A five-day meeting was held on 18-22 May 1970 at the Raytheon Company Spencer Laboratory,
Burlington, Mass., under the sponsorship of the Advanced Research Projects Agency and the US Navy.
Mr. A. Van Every of ARPA was chairman. The papers are published in four sections, divided into the

following subject areas:

Section 1. Executive Summary

Section 2. Summary of Papers
Program Objectives
Theory and Measurenments

Fleet Air Defense

Buoy Tactical Early Warning
Section 3. Panel Reports
Section 4. Task Abstracts

{C)  These meetings are regularly held to allow contractors and government agencies active in surface

wave radar research to exchange information and report their findings.

(W A list of attendees is given at the end of Section 1.

(U)  Copies of these Proceedings may be requested through the Office of Naval Research, Department
of the Navy, Washington, D.C. 20360, Attn: Code 418.
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EXECUTIVE SUMMARY (U)

I PROJECT MAY BELL OVERVIEW (U)

S Project MAY BELL is Jdirected towards ocean surveillance and tactical early warning and is in-
vestigating the feasibility of detecting and tracking aircraft, missiles, ships and submarines at over-the-
horizon distances using HF monostatic and bistatic ndar)

(L Concepts using tiie basic geometric configurations shown in Figure | are being explored.

(O N support of these concepts various theoretical predictions, propagation mmeasurements, cross-
section studies and feasibility detection demonstrations have been made.

(S) The program emphasis during the past eighteen months has been specifically directed towards
determining the attenuation and clutter propagation aspects that apply to the concepts that use the sur-

ir Defense (FAD), and Mode 1V (a) and (b), Buoy Tactical Early Warning (B-TEW).

\ —

(U)  The various efforts and their relation and importance to the basic gcometric conRgurations are

\f;:cc wave; and investigating the basic feasibility of detecting and tracking aircraft using Mode 11, Fleet |

shown in Figure 2.

I1 SUMMARY OF RESULTS (U)

A. Theory and Measurements (U)
1. Path Loss (U)

) Mcasurements of reccived signal strength were made over a 300-km path extending from Carter
Cay in the Bahamas to the receiving site at Cape Kennedy. Flonida. Detailed measuresments extended
from January through March, 1970.

(C)  The mean signal strength measurements agree well with predicted! received signal strengths in ab-
solute level. The spread of points about the mean conforms to loss predictions versus sea state at 5 and
and 10 MHz. Insufficient data were availablie at 15 and 20 MHz to permit comparisons. Day-to-day
correlation of measured signal level with sea state was not reliable because only crude hindcast date was
available on sca state. System drifts are concluded to be lcss than 2 dB. Effects of ducting on measured
signal strengths are unknown. Possible spectral broadening of the direct signal by the moving sea during
high sea states appeared on some records.

SECRET
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MODE 1
SKY WAVE -SKY WAVE

MODE It
SURFACE WAVE - SURFACE WAVE
e — and
- R/C - MA—‘ —— —
MOOE IO
SKY WAVE - SURFACE WAVE
FAD __
/\
Tx[%» e d
~— -t e T Z— ——
— — A . A e
MODE IX -A
DIRECT OR SURFACE WAVE -
SURFACE WAVE
BTEW-I p—
1 e
Re
/~——-~/;¢~——-/‘__/x, ——
MODE I¥ - B I
DIRECT OR SURFACE WAVE -
SKY WAVE
BTEW-2

(S) Figure 1. Basic Geometric Configurations V)
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TASK

ORGANIZATION

OBJECTIVE

Theory & Measurements

1. Attenuation & Qlutter BMl Determine surface wave attenuation and
Caiculations clutter as a function of sea state, trequency,
and range
2. Qlutter measurements ESSA Obtain simultancous multifrequency back-
scatter sea clutter measurements
3. Attenuation & Clutter Raytheon/ Obtain bistatic clutter and path loss measure-
Measurements APL ments as a function of distance and frequency
4. Attenuation Over ESSA Calculate the extra path loss for surface
Irregular Inhomogenous waves over irregular inhomogenous terrain
Terrain
5. Cross Section Studies SRI Compile and evaluate known cross-section
information on SLBM
6.  Ship Model Measure- SuU Calculation and model measurements of two
ments typical ship’s cross-section as a function of
aspect, and frequency and polanzation
7. Ship Cross Scction NRL Measurement of the actual ship cross-section
with the MADRE radar
¥.  Wake Study ESSA Theoretical investigation of the HF radar
cross-sections of ship and submarine wakes
as a function of frequency and aspect
angle
Fleet Air Defense
I.  Feasbility Demon- ITT/NRL/APL | Initial feasibility demonstration of tflect wir
stration Test defense concept using skywave illumination
with a distant transmitter and bistatic re-
ception with close 1n receiver
2. Ship Detection NRL Investigation of detecting ships on a Doppler
basis using the MADRE radar.
3. Ship Detection SuU Investigating the detection of shipr on a

power basis using FM/CW high resolution
technigue.

(S) Figure 2. Participating Organizations, Tasks and Objectives (U)
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()
TASK QFR.GANIZATION OBJECTIVES
. HBuoy Tactical Early
Warning (BTEW)
1. BTEW Feasibility Raytheon/APL Investigating the feasibility of detecting
Demonstration No. | and tracking aircraft at short ranges
using i buoy-bhased transmitter and land-
based reccver using surface wave mode
2. BTEW Feasibility Sylvania Investigating the teasibility of detecting
Demonstration No.Z and tracking at long range using a buoy-
based transmutter and a land-based
TECCIVET using skywave
0. Planning and Coordin- APL Technical assistance to ARPA in the
ation overall planming, and coordination of
program

(S) Figure 2. Participating Organizations, Tasks and Objectives (cont) (U)

2. Sea Clutter (U)

(] Sca-scattered energy was observed 2 5§ and 10 Mz, with transmissions both from a buoy moored
120 km trom the shore and from Carter Cay. The observations were made both with CW signals and

phase-coded vignals, the latter with offective pulse lengths of 25 and 200 ps.

(Y The transmissions from the buoy proved consi crably more important because the scatfer arey
near the buoy is deep ocean water, rather than land or shoals. as in the case of the Carter Cay trans-
misstons. The signal spectrum showed that the sey watter was confined to two bands, or “pedestals™
tenths of o hertz wide and located symmetrically within ' hertz of the cammier: these observations agree
with theory and predictions relating the Doppler shifts to the velocities of the Bragg resonant ovean
waves responsible for scatter. The observed intensity for the sea clutter signal correspoads to an average
wattenng cross-section per unit arca, 69, of between - 24 and -30 dB, this agrees with a predicted upper
hmit of - 23 dB.
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. Fleet Air Defense and Ship Deteciion (U)
I.  Fleet Air Defense (FAD) (U)

(S) Detection of low-tlying threats to surface vessels at a range sufficient to give useful warning time
and tracking information is a problem which must be solved if the surface navy is to survive. Because of
the advantage of denying the enemy the opportunity of using simple direction finding techniques to
locate fleet units, it is desirable that the solution not require radiation from the fleet.

(S The feasibility of using a hybrid (sky-wave/surface wave) system to solve this problem has been
demonstrated during FY 70 as part of the MAY BELL Program. In this concept, the target is illuminated
by sky-waves from transmitters (either shipborne or land-based) located over-the-horizon at ranges of
perhaps 1000-2000 km. Surface waves which propagate from the target to a receiving system aboard a
ship permit detections to be made even when the target is below fi:e line of sight radar horizon.

(S) An experiment was performed at Cape Kennedy, Florida, where a shore-based receiving station
was used to simulate the shipboard environment. A NavyP3V)aircraft served as a target by flying off-
st 're in a series of controlled flight plans, and illumination was provided by the MADRE and CHAPEL
BELL transmitters located respectively in Maryland and Virginia. For most of these flights the target
altitude was 200 feet, and detections were made at ranges as great as 100 km. It was shown to be
possible to track the target in both range and azimuth with accuracies of about 5 nmi and one degree
(depending on SNR). These results were obtained using a receiving/processing system which was
assembled using existing equipment, and this equipment was in many ways not well matched to the
experimental requirements, therefore, these results should not be taken as representing the capabilities
or the limitations of a properly designed system.

S The dynamic range requirements imposed by the necessity of receiving small target echoes in the
presence of the incident sky-wave and of clutter were found to be well within the capability of existing
technology. Cross-polarized, bistatic target cross sections were also found to be of sufficient magnitude
{(up to 100 m? for the P3V) to permit detection. Clutter was found to be composed primarily of the

resonant spectral lines which are generally well understood in terms of existing theory.
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L. Ship Detection (U)
Sy The following is a summary of the various HF propagation techniques considered for ship detection.

5 Monostatic Groundwave Radar has demonstrated a capability for the detection of surface vessels.
On the ocean (away from land), it is predicted that very modest systems (two clement antennas and a
tew hundred watts average power) can provide detections beyond 50 nmi. The limits of location

accutacy, particularly in azimuth, have not been studied.

() Monostatic Skywave Radar has demonstrated a capability for detecting ships at one hop refraction
ranges out to more than 1000 nmi. This has been done with coarse spatial resclution (60 nmi by

1 2-degree eell) and fine Doppler (0.1 Hz and smaller) resolution. If higher spectral resolution is employed,
it is predicted that good ocean traffic surveys can be made on a daily basis. Optimum balance between

the several forms of resolution has not been studied.

(S) Hybrid tests using skywave illumination to the target and groundwave propagation from target

to receiver have been conducted. Examination of reference targets on the surface and of returns from the
sea permit some predictions. It appears that a hybrid bistatic system can (in addition to its primary
function of detecting A/C, SSM, and ASM) provide a surface vessel detection capability. That is, a
“quiet” fleet unit equipped with the bistatic system could have many of the sensing abilities ordinarily
provided by conventional active radar plus additiona! capabilities.

(S) It is recommended that the propagation of monostatic skywave radar illumination of the area

around a fleet unit be further tested. In particular, determinations of the possibilities of ship unit obser-
vation of any attacking missiles or missile boat detections should be made. These tests should study
contributions gained from the various forms of high resolution techniques and the requirements for

real-time ionosphere assessment for optimum illumination.

(S) The bistatic hybrid surface wave concept should be tested in the ship-mounted environment;
b such tests could be concurrent with the monostatic tests. The potential of slow target detection should
be confirmed und thoroughly described. H

SECRET
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¢ Buoy Tactical Early Warning (BTEW) (S)
1. BTEW-1 (U)

(S) The BTEW-1 conécpt involves detection of low flying aircraft at OTH distances by illuminating
the target with a transmitter located on an off-shore buoy and reception of the target echo signal at a
shore based receiver site via a ground wave propagation mode. Feasibility tests were conducted off the
Florida coast using a transmitter located on Carter Cay (just north of Grand Bahama Island) and a re-
ceiving station at Cape Kenncdy. The path length was 300 km and the target was a Navy P3V Aircraft.

(S) The feasibility tests were successful and demonstrated that standard radar calculation techniques,
with application of Barricks’ loss model could be used with reasonable confidence, to describe the
coverage afforded by the BTEW-1 concept. The tests, then, established and validated a model for calcu-

lating coverage.

(S) Several variations of the original concept were examined, using the model, in a first aitempt to
assese potential capabilities in application to the defense of the CONUS, of special strategic areas, and
of the fleet. The results of these analyses indicate that surveillance can be maintained out to ranges of
300 to 400 km from a shore station with systems of practical dimensions. For example, the east coast
of the U.S. from Nova Scotia to the Straits of Florida, could be covered by about 10 shore stations and
a fence of 30 buoys.

(S Although the primary objective of the Florida tests was to detect low flying aircraft there was

also the opportunity to observe the launch of a Poseidon missile from sea. Excellent detection results were
obtained. No analysis has been attempted to describe the early warning potential of this kind of system
against SLBM’s; however, it seems apparent that significant coverage of this threat can be achieved with

a very small number of terminals.

(Q) The program has reached thz point where basic feasibility has been demonstrated. Some refine-
ment to the understanding of fundamental limitations is required but more emphasis now should be
placed upon the definition of performance and interface requirements. of detailed concept definition.

and upon examination of some of the more obvious engineering problems.

2. BTEW-2 (U)

(S) The BTEW-2 concept involves target detection at long OTH ranges by illuminating the target with
a buoy mounted transmitter and reception of the target signal a! a remote receiver site via sky-wave.
Tests of this concept were successful but indicated that coverage would be very limited for any presently
practical level of buoy transmitter power.
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i1 RECOMMENDATIONS (U)

A. Additional Measurements (U)

() The committee recommends that additional measurements be undertaken over a 5 to 6 month
period. The primary purpose of such measurements would be to obtain necded information about daily
path loss tluctuations with sea state and atmospheric refractivity. Data presently available are insufficient
to study these effects or establish trends and conclusions, In addition, the water along the previous path
is not typical of the deep ocean. An ideal path, for example, would be the 300 - 400 kin over-water
streteh trom Cape Cod to Northern Maine. Daily signal strength measurements should be made on §,

10. 15, and 20 MHz and with phase-coded signals so as to eliminate sky-wave contamination.

B. Reduction of Existing Data (U)

() As much as possible of the existing path loss measurements on 5, 15, and 20 MHz should be
processed by Raytheon. Means, variances, and confidence levels of the path loss data should then be
computed. NRL personnel should complete the reduction of aerial profilometer wave-height data
taken on several days during the radio measurements. These should provide some positive basis for
comparison and correlation with sea state. Where possible, brief analyses should be undertaken to
permit rough estimates of the effects of atmospheric ducting on the received signal.

C. Fleet Air Defense (FAD) (U)

9 Now that the feasibility of the hybrid (sky-wave/surface wave) system concept for Fleet Air
Defense has been demonstrated beyond any reasonable doubt, it is recommended that during the coming
year (FY 1) the following efforts should be carried out as the next step toward the goal of developing
an operational system:

* Provide a receiving/processing system which is mobile and suitable for installation

aboard a ship such as a destroyer, which can eventualiy be integrated into a fully auto-
mated system.

¢ Investigate the shipboard antenna problem, select elements best suited to the FAD
requirements, and provide an antenna system for shipboard use.

e Test the performance of this receiving/processing and antenna system in a land-based
experiment using available illuminators (MADRE and CHAPLEL BELL).

¢ Repeat these tests in a shipboard experiment,
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(S) * Pursue Fleet Air Defense System studies to further define the performance requirements,
the interaction with other systems, and the operational utility.

¢ Make model measurements of the cross sections of representative aircraft and missile
targets for * rious frequencies, polarizations, and bistatic geometries.

D. Buoy Tactical Early Warning (BTEW)
() It is reccommended that systems analysis be continucd with emphasis in the following areas:

¢ To provide a more complete description of coverage capabilitics for various deployment
concepts.

¢ To establish the mission and provide a definition of performance and interface
requirements.

o To pertorm a prelisninary cost trade-off analysis of the various deployment concepts.
o To investigate the antenna gain and land-sea interface problems.

¢ To recommend techniques for target location and tracking.

¢ To assess the magnitude of the dynamic range problem and to recommend solutions.

¢ To obtain bistatic cross-section information on representative aircraft and missile
targets.

REFERENCE
i. D.E. Barrick, “Theory of Ground-Wave Propagation Across a Rough Sea at Dekameter

Wavelengths (U), “Research Report, Battelle Memorial Institute, Columbus, Ohio.
January 1970, UNCLASSIFIED
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DETAILED PROGRAM OBJECTIVES AND KEY ISSUES (U)

Dr.J. W. Follin, Jr.

The Johns Hopkins University
Applied Physics Laboratory
8621 Georgia Avenue
Silver Spring, Md. 20910

I INTRODUCTION (U)

(S The MAY BELL program is aimed at obtaining solutions to the sca surveillance problem both for
tactical carly warning of missiles and aircraft attacking the continental United States and for fleet air
detense. that is, over-the-horizon surveillance of attacking missiles, aircraft and ships. (See Figures |

and 2.) A large number of system configurations can be used to solve parts of these problems. At this
workshop we wish to determine the best combinations of systems to do the job and to estimate the

cttectiveness Of these combinations.

() For tactical early warning it is possible to use land-based monostatic skywave or surface wave
radars or a ship-based surface wave radar. Various bistatic systems involve buoys providing line-of-sight
or surface wave target illumination with either surface wave, or skywave, transmission to a land-based
receiver. One interesting possibility would be transmission in the opposite direction since much higher
power can be achieved, leading to a 40 dB improvement in system performance. In some geometrics

it appears that a buoy-to-buoy bistatic system would be effective. Finally, the use of an aircraft to
generate a synthetic receiving aperture in conjunction with a skywave illuminator may provide the

sunveillance desired.

(S) For the fleet air defense system, choices are limited if it is desired to maintain radar silence abouard
ship. A monostatic land-based skywave radar can monitor the ocean around the fleet and transmit the
intormation through appropriate communication links. Bistatic systems include the skywave target
illumination and surface wave propagation to the ship, buoy line-of-sight or surface wave target itHumi-

nation, and surface wave propagation to ship, and airborne synthetic aperture as above.
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(s)

TACTICAL EARLY WARNING
TARGETS
SLBM
SLCM
A/C
SYSTEMS
MONOSTATIC
SURFACE WAVE RADAR
SKYWAVE RADAR
BISTATIC
BUOY LOS TARGET SURFACE WAVE TO LAND OR REVERSE
BUOY LOS TARGET SKYWAVE TO LAND OR REVERSE

BUOY-BUOY
SKYWAVE ILLUMINATE - A/C SYNTHETIC APERTURE RECEIVE

FLEET AIR DEFENSE
TARGETS
SLCM
A/C
SHIPS
SYSTEMS
MONOSTATIC
LAND-BASED SKYWAVE RADAR
BISTATIC
LAND-BASED SKYWAVE ILLUMINATE SURFACE WAVE TO SHIP

BUOY LOS ILLUMINATE - SURFACE WAVE TO SHIP
SKYWAVE ILLUMINATE - A/C SYNTHETIC APERTURE RECEIVE

(S) Figure 1. MAY BRELL Program Objectives, Sea Surveillance (C)
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(Y} Betore the etfectiveness of thes sysiems can be determaned, the following key techmical problems
that must be answered: tor surface waves, the effects of sea state on clutter and propagatien; for sky-
waves, the coherence of the 1onosphere on nearby paths, For ships one problem is effective antenna
aperture and beam steering in the presence of resonant supenstructure, and second, the problem of R
from intermodulation products from other transmutters aboard ship. For buoy platforms, the problems
are adequate antennas, power and secunty and to some extent survivability of the buoy. Key system
problems, m addition to accuracy, coverige, and eftectiveness, are FCM, a nuclear environment, and

finally possible give-away of intormation ty the enemy as a result of our transmissions,

tLh These Key problems are the basis of the questions prepared for the discussion groaps and it is

hoped that most of them can be answered at this workshop.

il REQUIREMENTS FOR FARLY WARNING (U)

S I'he usefulness of an OTH carly warning system depends on the probability of detection, the
probabihity of false detections, and the accuracy of location and identitication. These parameten are

wterrelated and depend on the amount of additional warning time achicved.

(S tor Fleet Air Defense (see “Fleet Air Defense Requirements (U)” by Paul T. Stine, SECRET. and
“Fleet Air Defense Requirements tor Early Warning (U)™ by Richard J. Hunt, CONFIDENTIAL). a
minimumn of five minutes (until the threat comes over-the-horizon is required to get the ship to genceral
quarters, and fiftecit minutes if fighters have to be scrambled. The required accuracy is * 52 since the
target st be designated within the 15 - 202 acquisition sector scan of the fire control radars. It is
especially important to note that attempts to defeat a cruise missile by ECM or chaff are much more

cttective before a missile locks on a ship.

Ry For buoy tactical carly warning aircraft detections should allow interceptors to be scrambled
tor intercept vutside ASM range. Typically this requires ranges of 200 - 300 nmi and an accuracy

of 3 nmi.
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THEORY OV ATTENUATION AND CLUTTER (U)

Donald E. Barrick

Battelle Memorial Institute
505 King Avenue
Columbus, Ghio 43201

I INTRODUCTION (U)

(M Over the past year and a halt, work has been underway on the problem ol the interaction ot an HE
radio wave with the rough sea. Two main phenomena were of concern in the study: 1) attenuation
suttered by a ground wave propagating across the ocean under varying sca state conditions: and 2) the
scatter tor clutter) returned to the receiver from the ocean and its relationship to sea state. Both phicnom-
ena couldd concetvably be limiting factors in radar performance, and a knowledge of their magnitude is ot

importance in the design and development ol such a system.

() On the question ot increased attenuation versus sea state, no measurements made betore the MAY
BELL Program were complete enough to either confirm or deny any dependence on sea state. Nor was
any theoretical nrediction available as to the expected magnitude of such an effect. With regard to clutter
or sea saatter, measurements have been available for nearly 15 years which have satistactorily explained
the natire and mechanism of the interaction. From observed Doppler shitts it was surmised that oceun
waves scatter according to the Bragg mechanisim,in the same manner as @ simple diffraction grating,
Measurements of the magnitude of the sca scatter echo and its relationship to sea state at HE have been
considerably less complete: only recently have more thorough measurements along these lines been under-
taken by Crombie of ESSA, Headrick and others at NRL, and Barnum of Stantord, as well as the work on
data reduction presentty underway at Ravtheon. These efforts, all reported under the MAY BELL
Progrim, should provide valuable data on observed sea clutter strength. As to the theory, it was only n
recent years that Wetzel and Barrick refated the strength of the received signal spectrum directly to the
ocean waveheight spectrum eviluated at the Bragg spatial wavenumbers. This enables a quantitative

connection between echo strength and sea state which should complement the measured data.
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11 SUMMARY OF ATTENUATION PREDICTIONS (U)

A The problem of attenuation of a surtace wave propagation above i roweh sea has been attacked
the tollowg manner. Foestan eftective suttace impedance is denved which accounts tor the roughtiess
avwellbas the timite conductivity of sea water. Then thas ettective surtace mmpedance s ased moan FSSA

computer progrm to predict the basie transmission Joss between two pomts over the sed sersus sea state

) Fhe calculation of the ettectn e surtace impedance ot the seaat T s tachitated because |, the
ovean wavcherht s small compared to wavelengii 2L the surbace slopes are smalland 30 the sca water s
fnehihv conducting at HE. Consequently | tiie boundary perturbaton approach of Rice was used along with
the Loontovich boundary condition tor the surtace. The resufts show that the cttective smpedance
Ciccounting tor roughness) consints of two teems, oie which s merely the mpedance of sea water alone
and the other which contaims the eftect ot roughne w, The Litterimvolves anoimtegral over the occan wave
heweht spectrume, In evaluating the Latter numernically . the Phillips wind-wave spectrum tor the ocean sur
Lace was selected as a “typcal™ model The presence of swell is neglected i ths model, as well as any
actual directionality - One thus obtains results for the effective impedance which are tupctions ol wind

\[‘\'\'\l,

(L When these etfective mpedances are employed in the FSSA groundwave program. numbers tor
basice transmission toss are obtined  To show clearly the etfect of sea state. loss ditference an decibelsy .

Between o pertectly smooth sea and vanous conditions of roughness were plotted. Figure 1 shows such

anexample tor 10 MHz, versus range and wind speed. The conductivity of ocean water was taken as

4 mho moand a4 3 carth refractivity factor was used in the program. Transmitter and receiver are asstned
focated on the surtace in Figure L In Figure 2, the actual basic transmission losses (rather than the
ditterencesy are shown from a surfuce-based source to an elevated recetver. The first aumber s the loss

tor o pertectly smooth sea and the second is for sea state 3 (e, 25-knot wind).

(L The results show that sea state ettects become more pronouncedat greater ranges. For example,
AU TONMEL and 10O nmi rnge, the signal variation due to sea state is of the order of 8 dB tor one-way

propagation.

A report showing the detals and results of this work s available ay “Theory of Ground W
Propazation across a Rough Sca at Dekameter Wavelengths™ by Do B Barnich . Battetle Memornat Institute.

Lanuary 1970,
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HI SUMMARY OF CLUTTER CALCULATIONS (U)

1] Phe analy sis of scatter tfrom the rough ocean surface is approached with the same technque as
wwed tor the attenuation calculations namely, the Rice perturbation analysis along with the Leontovich
boundary condition.®  The results of this study shew that the incremental recened power spectzal density
and absolute power scattered trom the patch ot sea, ds, can be expressed an the usaal radar range cquation
torm s
PG, G N ) »
’ R 1R TN P GG
‘“R‘“)) - , |‘|‘ I'k- alw)ds | dl'R PR 3
4m)y’ Ry R PR RS
[ G R7Ry

Pransomitted power s I’I Cantenna gnns are G Gecdistances frome transmitter to the patch ds and trom
the patch ds to recewver are RO R Cand wavelengthos A The quantities l"I and l“ are the Norton
dttenuation functions from target pateii to the transmitter and recever, respectively. Cihey approach
umty for short ranges.) They can be expressed in terms of the basic transmission loss, 1 Gn dB). tor

example, as

. lrrRT Ll /20
b= - 10
A
Ut The sea seatter cross section ¢ and rekiated spectral density tor vertical polarization obtuned trom

the analvsis are

0(w)= nk: (1 -cos ¢)3 Wlk“icow:-l). kusin@w-wul .

o' = 1rkn4 (1-cos¢)? WIK (cosg- 11Kk sinyg |

where h = 200 £ = w_ 2r i the carnier trequency., ¢ is the bistatic angle from the forward scaieer
dircction, W(p, (. w) i the spatial-temporal waveheight spectrum for the sea and W (p. ) is the spatial

wavceheight spectrum only. The normalization between power and powerspectral density (s

-
0 = f o(w) dw
-
(L) As seen in the above equations for o (w) and ¢, the spatial wavenumberns appearing i the wave-

hewght spectra tor p and g are precisely those required for Bragg scatter. This contirms the interpretation

deduced trom measurements.

*A report giving denvations of sea scatter and the signal spectrum is in preparation. Most ot the denvations
are abso Tound in a paper ““The Interaction of HEJVHE Radio Waves with the Sea Surtace and Hs Implca-
tonsy”, by Dk Barniek, presented at AGARD “Electromagacetics of the Sea’™ Meeting, June {970
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(Uy Figure 3. Received Clutier Signal Spectrum at 5§ MHz for Bistatic Radar with 120-km Baseline,
Effective Pulse Length 12.5 ps, and for Time Delay One Pulse Length Behind Direct
Pulse. Phillips Isotropic, Fully Aroused Ocean-Wave Spectrum is Assumed (Solid Line).
Dashed Line Represents Likely Measurements from Nonisotropic Sea. (U)

(oo e e P —
q H 1] 19 W - - Wl (IO} e 18 4 t 9
vy e sown
3™ 2im I M . L acoen - 8N 33m 2m  13m
WOves Suttenng
n . . S » o
.”__mo ' N W= A [ S 15t ator
oL ageten Sricion
'™ Lo N~ o) roMs
-, |
°”;~4-oooss 25, 00039 =fa—
043 0435
pe- 0 0039 0003 ope-
-7
7
-O"
" \
| S D, § L OO N Y S N W
“033 -0%0 <~01% <00 -013 -0 -008 005 010 €61 020 025 0% 0%

(U) Figure 4. Received Clutter Signal Spectrum at 10 MHz for Bistatic Radar with 100 km Baseline,
Effective Pulsc Length 12.5 us, and for Time Delay One Pulse Length Behind Direct
Pulse. Phillips Isotropic, Fully Aroused Ocean-Wave Spectrum is Assumed (Solid Line).
Dashed Line Represents Likely Measurements for Nonisotropic Sea. (U)
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(U)  To cstimate the level and shape of sca clutter signals, the Phillips isotropic wind-wave spectrum
is again employed: 0, obtained in this manner for bistatic scatter, is -23 dB. This value is more likely
an upper limit because the sea in practice is neither isotropic nor fully developed, us impliced in the model.

{(U)  The Phillips isotropic wind-wave model is again used to calculate the clutter spectrum for a bistatic
surface-surbace radar, The sea is assumed fully developed. The antennas are quarter-wave vertical mono-
poles, located over sea water, separated by 100 km. The signal permits an cffective time (or range)
resolution of 12.5 psec. The elliptical range cell selected corresponds to one pulse length after receipt of
the direct signal. Figures 3 and 4 show the expected spectra at 5 and 10 MHz, normalized to the incident

. power. The frequency, fy, = w, /27 is the cutoff on the outer sides of the clutter pedestals, i.c., 0.22%
and 0.322 Hz respectively, The height observed for the “cars” depends upon the processor resolutions;
the less the resolution, the shorter the cars,

(Uy  The interpretation of these histatic clutter spectra is again in conformanc~ with the Brogg scatter
mechanism. The higher frequencices in the pedestals come from the ends of the clliptical resolution cell
near the backscatter directions. The lower frequencies in the pedestals come from the sides of the cllipse,
nearer the forward scatter region, For larger ellipses corresponding to longer delays, the pedestals collapse
to an impulse function centered on fy, , the backscatter Doppler.

{(U)  The total clutter power received in this range cell is about 23 dB below the direct signal. Again,
observed clutter signals are likely to be lower because the sea is rarely fully'dcvcloped and isotropic for
these radar frequencics. Therefore, a difference between clutter and direct signal of 30 1B would be
expected to be typical,
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BOMEX SEA 3CATTER OBSERVATIONS (U)

D. D. Crombie

Institute for Telecommunication Sciences
ESSA Research Labs, Boulder, Colorado 80302

I INTRODUCTION

(U Observations were made during the BOMEX project of the coherent backscatter of HF ground
waves from the sea, along the cast coast of Barbados Island. The data were taken using a multifrequency
cohierent HF radar system operating in the runge of 1.7 to 12.37 MHz, Successive pulse pairs were trans-
mitted in cach of eight preselected frequencies in the above range. The demodulated signals were sampled
at four ranges (22.5 - 100 km), passed through an A/D converter, and recorded digitally (10 bits) with an
incremental tape recorder.

{Uy  Short vertical broadband monopoles were used for transmission and reception. Two of these were
spaced 100 ft. apart and switched alternately to the receiver between cach pair of transmitter pulses on
the same frequency. Thus, 64 separate scts of data were recorded.

(U)  The basic repetition rate of the transmitter was 60 pulses/second and the pulse length was 40 ps.
Thus. each sct of data (one antenna, one range and one frequency) was sampled 3% times per second.

(W) The radiated power and recciver/antenna sensitivity were determined using a field strength meter,
and a small target transmitter located several hundred feet from the antennas. Calibrations were made at
cach operating frequency. Radiated powers ranged from 26 watts at 1.7 MHz to about 1 kW at the higher
frequencies.

(U)  The transmitting and receiving antennas were situated about 150 ft. from the edge of a cliff which
was about 30 ft, above, and 200 ft. away from the water’s edge.

(3]
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Il DATA ANALYSIS (U)

(t Thirty-minute sumples of data were taken and subjected to fast Fourier transformation in the
computer at Boulder, The program was written to identify the spectral densities and the bandwidths at
the -3, -10 and -20 dB levels as well as the frequencies of the spectral peaks. From these data the RMS
siginal tevel at cach peak could be obtained. Knowing the receiver sensitivity and the radiated power. the
saattering cross section, g, of the sea could be calculated from the following formula,

d* E?
02—t o m?

225x 10 P

where

d = distance of the scatterer in km,
ko = received field strength in gV/m, and
P = radiated power in kW

(L)  This definition of g, which is particularly appropriate to ground wave radar, results in values which
are smaller by a factor of three than free space formula. The fuctor three arises because it is assumed that
the scaiterer behaves as a short vertical monopole contributing a factor of 1.5 that re-radiates into the
hemisphere above the sea contributing a factor of 2. The effucts of ground wave attenuation are not
included in this formula. o

Il OBSERVED SCATTERING CROSS SECTIONS (U)

(M Some of the values of o observed at a range of 22.5 km, where ground wave attenuation 2an be
ignored, are shown in Figure 1. The right-hand scale shows the value of relative scattering cross section

0° (i.c., cross section per unit illuninated arca). The values shown are for approaching waves resulting
from partially or fully developed scas at wind speeds of from 10 to 20 kts. The receding components have
cross sections about 20 dB smaller, The values shown are averaged over the whole 180° sector illuminated
by the transmitter.

IV SPECTRAL DENSITY OF THE SEA SURFACE (U)

(U)  Knowing the scattering cross section and the bandwidth of the scattered signal, it is possible to
determine the non-directional spectral density, S(r), of the sca surface for the wavelengths observed.

28
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The required relationship is

SR

y . B
7 d,
'n

m- /sed

. . . A . . .
where ooas the scattering cross section o m= at a sea wavelenpth Tometers or g wave frequency of Fherts,

dis the range tmd, d | the radial length (m) of the illuminated arca, and g s the acceleration of gravity.

(L Some examples of nondirectional frequency spectra obtaimed in this way are shown in Figure 2
Phe fower carve shows an observed spectrum for comparison with Moskowitz’s 20-kt synoptic spectrum.
Fhe next carve shows the results for a wind believed to be lighter than for the lower curve. The two
upper vurves show spectra obtained at the same time as the NASA wave-measuring aircraft was flying over
the arca tin * » downwind direction) where the radar data were obtained. Significant wave heights de-
iived from - TTASA data are also shown Hr comparison with those derived from the spectra shown.

The agreement is good and although the wave heights are small, the comparison shows that wave heights
and spectra can be obtained from backscatter data. However, to be usetul under rougher conditions. the

radar wavelengths need 1o be increased.

V BANDWIDTH OF THE BACKSCATTERED SIGNALS (U)

(L) Some representative bandwidths of backscattered signals are shown in Figure 3. The plotted valucs
are the bandwidth 10 dB below the spectral peak. Plots of the spectra show a strong tendency towards a
Gaussian shape rather than the sin x/x form expected from simple theory. The points in Figure 3 show
that the Doppler bandwidth increases with frequency but that the rate of increase depends on sea state.

Tt points for 11 July represent relatively rough conditions, while those for the 14 and 16 July represent

rather quicter seas.

VI SHIP SCATTERING CROSS SECTION (U)

(S) During the BOMEX observations some data was obtained about the cross section of the USCGS
ship Mt. Mitchell, The revised estimated cross section was - 460 m? using the definition of ¢ given in
cquation 1. The frequency used was 2.9 MHz. Obscrvations at other frequencies were unsuccesstul be-

cause of the high noise and interference levels present during the nighttime observations.
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(U) Figure 2. Wave Spectra Deduced from Cross-sections (U)
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UNCLASSIFIED




SECRET

(L Ihe M Matchell has an overall fength ot 231 teet, beam of 42 fect and a displacement ot 1627
tons, The tunned top s appronimately S0 feet above the water Jime, the top ot the tallest mast s 70 feet

above the water hine. The masts are approsanately 100 feet apart.

(5) When the cross sectian s creased by o tactor of 3 10 brmg it m accordance with conventional
. . N ) g

tree space detimtions ot o the vidue becomes 1200 m= Theoretical estimates ol the cross section of 4

dipole O feet long in free space, at 2.9 M7 gives - 1000 m” . The agreement appears good, but the

theoretical estimnate is strongly dependent on the effective length of the nmast.

VII CONCLUSIONS (U)
(S) Fhe main conclusions trom this work using a monostatic backscatter radar are the tollowing,

o The average scattering cross section of the sea can be estimated if the non-directional

spectrum of the seais known.

e The intrinsic bandwidth of the back scattered signals is very small but increases with

frequency and sea state.

o It appears that there is reasonable agreement between theoretical estimates of ship

cross sections based on muast height, and a measurement (see Section V1),

KX}
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MEASUREMENTS OF PATH LOSS (U)

H. Hoogasian

Raytheon Company
Equipment Division
OHD Advanced Development Department
Spencer Laboratory
Burlington, Massachusetts

I OBJECTIVE (U)

(th The primary interest of MAY BELL ground wave signal amplitude experiments was to measure
path loss on several frequencies, to correlate the signal fluctuations with sea state, and to test the vahidity

ol the rough occan scattering model developed by D. Barrick of BMI.

It APPROACH (U)

(W Surface wave signal levels were measured on a propagation path between the transmitter site on
Carter Cay in the Bahamas and the receiving site at Cape Kennedy. There were two transmitters on
Carter, radiating about 1 kW over monopole antennas. During the first three months of 1970 operation

was on four frequencies, near 5, 10, 15, and 20 MHv.

(U) Signals were received on the ITT 16-clement array on all frequencies during the entire program
and with reference monopole antennas on S, 10 and 15 MHz over a shorter period. All transmitting
and receiving antennas were in close proximity to the shoreline so that the propagation path was sub-
stantially over an open stretch of ocean for a distance of 300 km between path terminals. However,
approximately 80 km of this distance lay inside a shoal line defining a region of low water with depths

ranging from 1 to 5 fathoms.

(U)y  The index for sea state used in making comparisons was taken to be hindeast wave height (see
Figure 1). The reference smooth sea datum was Norton’s prediction for ocean water with conductivity
of S mhos/m. In this analysis, computed signal levels were derived from Norton's formulation for a
radiating clementary monopole. Estimates for the available power from a receiving monopole were then

computed from the free space aperture, using the free space gain of 2 dB for the monopole.

RA)
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il RESULTS ()

W Path loss data on S MHz with monopole reception (see Figure 2) was available for 13 days in
March. Signal tevel fludc tuations over a range ot 5 dB were measured. The Towest value of signal level was

obsened around the 9th of March whre hindeast data showed a maximum wave height of 13 feet.

() On 10 MHz, loss data trom the monopole system (see Figure 3) showed hittle convinaing
day-to-day correlation with hindcast data with the exception of the period 10 March - 15 Merch, duning
which rough seas were reported. Dunng this tune, the signal level dropped by approximately 10 dB
below the estimate for a smooth sea, The overali spread in power measureinents, 0 dB to 10 dB below

reference. agrees closely with the Barrick predictions tor a distribution of sca states rangicg from 0 to S,

(W There were 11 days when the 15-MHz signat was received on the BSA. The BSA was calibrated
against the 15-MHz monopole and BSA mcasurements were adjusted accordingly.  Although the data
base was more restricted. the 15-MHz duda displayed trends similar to the 10-MHz data; little or no
correlation with hindeast except tor the Ma-ch 10 - March 15 period. and a data spread ranging from
2.dB above to 10 dB below the smooth sea estimate, This compares to Barrick’s estimate of about +1
to - 14 dB for sea states Q to 5.

(W) The data base for 20 MHz (see Figure 4) was 6 days. Data was collected on the BSA but a
reference monopole was not available tor calibration. Conscquently, the BSA gain was assumed to in-
clude the tull 12-dB theoretical arrav tactor. On this basis, the values of received power display a range
to 15 dB below the smooth sea estimate. There was insufficient data to search tor low signal values in
the March 10 - March 15 period.

(V A comnarison was ma<'c of hindcast datz (see Figure 1) with wind speeds recorded over the same
period at GBI and Cape Kennedy. Only a tair correlation was noted. In the hindcast data, the occurence
of northerly winds appeared to coincide with the highest values of wave height. This would imply ocean
waves travelling in a direction more or less transverse to the propagation path, where the effect on path
loss is minimal, and consequently would be expected to produce a decorrelating effect between sea state
and signai level on a point-to-point basis.

Uy Skywave contamination proved to be a serious problem on all frequencies. On analysis, a sub-
stantial portion (about 40 per cent) or the data was rejected on the basis of suspected biasing by skywave
signals. The elimination was accomplished primarily by examining the peaks of the signal spectral

density for stability over a relatively long period.
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IV SIGNIFICANCE (U)

(W It is concluded that the measurements showed little day-to-day correlation with hindcast data
tor the sea except for one high sea state period in March, Treated as a whole, however, the body ot data
did exhibit an unquestioned frequency behavious substantially in conformity with the referenced pre-

dictions for the sea states encountered.
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SEA CLUTTER  PRFEDICTIONS AND MEASUREMENTS (U)

Jerald A. Grimer

Raytheon Company
Equipment Division
OHD Advanced Development Department
Spencer Laboratary
Burlington, Massachusetts

1 INTRODUCTION (U)

Y] It has been expected that, in certa o upplications of a ground wave radar operating over ocean sur-
taces, Jlutter from sea waves would under some conditions be a limitung factor for detections. Conscquent-
by, an important part of the Raytheon MAY BELL experiments in Florida during the early months of 1970
wis to attempt to determine the measured power spectrum of sea clutter under a range of geographical,
system, and environmental parameters. These experiments constitute ¢ direct test of predictions made by

D. Barrick of BML. Preliminary results are in good agreement with those predictions.

11 PREDICTIONS (U)

(U)  Barrick has predicted clutter peaks 23 to 40 dB below the direct signal at £ 0.25 Hz for a
5.800-MH¢ signal and at + 0.315 Hz for a 9.259-MHz signal. in cach case additional peaks at ﬁtimcs
the original shift are predicted for sufficiently high sea states. Barnck further predicts a minimum clutter
frequency cequal to cos @ times the maximum (backscatter) shift, where 8 is the half-scatter angle
and the scattering occan waves are in this case approaching or receding perpendicularly to the transmitter-
receiver path. A turther prediction i the absence of clutter if the maximnum ocean wavelength is not
cqual to or greater than half the radio wavelength, i.c.. low radio frequency and low sea state.
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111 DATA BASE (V)

(W The primary data analyzed to date is summarized in relation to Navy Oceanographic Office hind-
cast wave height and direction in Figure 1. On 17 March the buoy was anchored offshore from the re-
ceiver site at Cape Kennedy. On 19 March the only other successful operation of the buoy high frequency
won recorded from a 120-km runge. No buoy transmissions were available during the two highest sea states
ot 9 and 15 March. The only significant change in sea state during buoy operation was in wave direclion.

IV SYSTEM GEOMETRY (U)

(L Figures 2 and 3 illustrate the buoy transimitter, receiver, and range gate locations along with an
indication of the heights of vie ellipsoidal range gate regions, Occan wave, ground, and jonospheric
scattering regions are identified in terms of these maps and related to observed returns from each sange
pate. Most important for clutter analysis is the relation of ocean wave direction in each range gate to
physical requirements for scattering, together with the directivity pattern of the receiving antenna used:
in this experiment cither a narrow beam directed toward the transmitter or a nondirective monopole.

V WAVE INFORMATION (U)

(L) Dircction and amplitude of ocean waves for peods in which buoy transmissions were recorded -
summarized in Figure 4. Variability in cither parameter is indicated on days when cither direction, heivl:.
or both were changing significantly. These data are again those from the Navy Oceanographic Office
hindcast. Dir:ct determinations of sca state in the arcas of intercst have not been available. The uncer::i:
tivs concerning true occan wave behavior as opposed to best available estimates thereof must be kept ir:
mind in interpreting observed clutter.

Vi CLUTTER MEASUREMENTS (U)

(O In general, sufficient data has been recorded and processed to investigate clutter variation with
occan wave direction, transmitted frequency, directivity of receiver antenna, and ocean wave amplitude.
Variations in observed clutter with the specific geometry of individual range gates can also be investiga® .
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tU) Figure 4. Wave Heights and Directions, March Buoy Data Recorded (U)
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() Figure S illustrates the variation of positive and negative cluder peaks with wave direction.
Higher positive clutter is observed for waves approaching the transmitter and receiver, while higher
negative clutter is seen for waves receding from the transmitter and receiver; since with the directive BSA
and range gate one, the primary scatter region is beyond the transmitter. Figure 6 further illustrates that
the detailed behavior of the negative clutter vanes with individual range gate areas. Detailed geometrical

study shows that the observed increase in amplitude of this negative clutter is expected.

(W The general increase in clutter doppler with higher frequency signals is illustrated in Figure 7. This
qualitatively substantiates predictions, and specific data will be sought in which the true maximum shift is
believed to be observed at two different trequencies so that quantiiaiive comparisons can be made with

theory.

(W) Receiving antenna directivity is expected to differentiate between positive and negative clutter, or
scatter, trom regions of waves approaching or receding. Figure 8 illustrates that, in range gate zero

(direct signal included), and range gates one and two as well, both positive and negative clutter is observed
by both the directive and monopole antennas. The BSA sees much less positive clutter, which in this case
came from far off the beam, than did the monopole, which does not favor any azimuthal angle of atrival,
The gro - cr positive clutter observed in this case via the monopole is further illustrated, along with

the milnis . and maximum clutter doppler, on a facsimile display, shown in Figure 9. Note that black-

ness is higher received power and carrier position is indicated as doppler zero.

) A considerably larger data base (three monthz, four frequencies) is available if we examine the
Raytheon CW signals from Carter Cay. This is particularly valuable for investigating high sea state effects
which did not occur with any significance during phase code operations. One preliminary sample was
checked for this report, the highest reported sea state of 9 March, and for comparison the low sea state
immediately following this on 12 March. The marked effect of this large change in ocean waves is indicated
in Figure 10. The combined loss in signal power of several dB and the przsence of clutter only about 25 dB
down in the case of the high sea state is most evident. The possibility of higher order clutter peaks,

further down but with higher doppler shifts, is also indicated in the 9 March power spectrum. In compari-
son with other data, it is expected that in this case observed energy to about =1 Hz is most likely clated

to ocean wave effects. Analysis of this and other CW data will continue,

VII CONCLUSIONS
) Phase coded data clearly identifies clutter and, together with the good agreement of Dr. Barrick's
predictions with a small sample of data, analyzed in terms of the best available measurements of environ-

mental and system parameters, contributes guidelines to identifying clutter in a much larger set of CW
data.
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(U)  Specitic clutter levels and dopplers can be determined for the particular geometries and sea states
experienced in this program. Completion of analysis of this data will result in statistics concerning the
amplitude and frequency of all identifiable sea clutter in the phase code and CW data and comparison with
available sea stat= data.

(U)  Primary limitations to the conpleteness of this phase of the MAY BELL propagation experiment
were the lack of better sea state information, phase code coverage of more varied sea states, and

simultaneous high and low frequency signals from the buoy.
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(V)

tUy Figure 7. Qlutter Variation with Frequency of Transmision, Buos, 3-hHs, Range Gate 0. BSA (L)
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THEORETICAL ATTENUATION FOR TERRAIN - SEA PATHS (U)

Dr. R. H. O1t

Institute for Telecommunication Sciences
ESSA Research Laboratorics
Boulder, Colorado 80302

I INTRODUCTION (U)

(th Recently! an integral equation for calculating the attenuation of radio waves propagiting over
irrepular, inhomogencous terrain was derived.  In this paper, the integral cquation is applicd to four
tereain profiles: a Gaussian-shaped ridge. a sea-land-sea path, a sca-land-sca path with an island and a slop-
ing beach at high and low tide. For the case of the Gaussian-shaped ridge, the soltaon is compared with
solutions obtained using classical methods such as diffraction theory,

I EXAMPLES (U)

A. A Gaussian-Shaped Ridge (U)

(Uy  The terrain profile is shown in Figure 1. The ridge is | km high at a distance of 5§ km from the
transmitting antenna. This example was chosen as a check on our formula’s capability for treating

terrain features having large slopes. The slopes for this example are near 45° for some points on the
profile. The antenna is vertically polarized and the frequency is | MHz. The ground conductivity is 0.01
mho/m and the diclectric constant is 10. In Figure | the magnitude of the attenuation function
normalized to twice the free space ficld is plotted versus distance in km from the antenna. The observa-
tion point (receiving antenna) is located on the profile shown in Figure 1. The three sets of data in

Figure | correspond to three alternative methods for computing the attenuation function and two of
these serve as a check on the accuracy of our formulation. The solid circles were computed using our new
integral equation. The open circles were computed using the classical Hufford-Feinberg? integral equation,
The crosses were computed using simple diffraction theory to compute the attenuation function for a
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rounded kmf, < dge model tor the adge.  The agreement between the open and sold circles over the
entire -ange demonstrates the vahidity of our new tormulation. The advantage ol our formulation over
the Huftord-Feinberg formulation is not brought out in this example since the frequency i sutficiently
low so that Lecumulation of roundott error characteristic of the Huttord-Femberg formulat:on at fre-
quencies ahove a tew MHz does not occur. Both integral equation solutions agree welf with the results
based ar diffraction theory on the shaded side of the il However, the dittraction resuits do not predict
the farge peakon the attenvation tunction on the hit side of the il Fhas peab in the attenustion funciion
cait be evphlained by conmidenng the corstrctine mterterence between o dire oy from the antenna to
apoint near the crest ol the il and o ray which travels slong the surbace betore reaching Sie obsenvation
point near the erest. Phis peak has o magmitude approvmately twice the tree space field. The field drops
sharply on the far side of the hill, then partially recovers as the ray diffracted at the crestis reinforeed

hy the surtace wave traveling down the slope.

B. A Sca-Land-Sea Path (U)

(W The terrain protile is Mat in this cxample and the ground constants change abruptly at the sea-land.
fand-sca intertaces, Thas example was selected as a check on the mixed path capabilities of our fonmrula-
tion. i Figure 2 the results for the magnitude of the attenuation function normalized to twice the free
space tickd are plotted versus distance trom the antenna in km. The antenna is vertically polanzed and
the frequency is 10 Mz The sohd circles represent the attenuation function computed numerically
using our new formiulation. The open circles in Figute 2 represent the attenuation function computed by
Rosich (ITS [37) using a periurbation approach, The data given by the crosses in Figure 2 represent the
attenuation function computed using a method based upon the classical tesidue series. This Latter method
iy exact for the three-section carth considered in this example. The agreement between the solid circles
represerting our new integral cquation and the crosses appears to demonstrate the validity of the formuls-
tion in treating mixed path propagastion problems. The abrupt changes in conductivity and dielectnic
constant used in this example do not represent o realistic sea-lund interface, Our formulation is capable

of treating a continuous vanation of conduciivity and diclectric constant,
C. A Sea-Land-Sea Path with an Island (U)

tUy This exampie¢ 15 4 combinatica ot the terrain features of example A and the mined path teatures of
example B. The island s drawn to scaic in Figure 3 and its elevation is 250m at the highest point. This
clevation may be greater than the elevation of any point un idands ot interest in the MAY BELL program.
howeser, this elevation is much smaller than the clevation on some slands: tor example Mt Mauna Loa in
Hawan, which hys an elevation of 4 km. The magnitude of the attenuation tunction normalized to twice

the free-space tield verus distance is plotied in Figure 3. The antenna is vertically polanzed and the

9
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(n

trequency is 10 MHz. For comparison, the magnitude of the attenuation function for a flat island is also
shown in Figure 3. The most interesting teature of Figure 3 is that the terrain profile has a greater effect
on the attenuation function than do changes in the ground constants. This may be anamportant consider-
ation in the MAY BELL program smce the field strength may be highly attenuated in the shadow of an

island with moderate elevations,
D. A Sloping Beach at High and Low Tide (U)

«h This example was brought to the author’s attention by Barrick®. The terrain profile together with
the assumed ground constants are shown in Figure 4. Figure 4 also shows the attenuation function
normalized to twice the free space ficld plotted versus distance from the transmitting antenna in km. In
cases of interest the transmitting antenna may be as far as 120 km from the beach? ; however, for this
numerical example the transmitting antenna was taken to be 2 km from the beach. This change in location
tor the transmitting antenna merely changes the ordinate scale in Figure 4, but not the general features of
the attenuation function as the radio wave strikes the beach. The antenna is vertically polarized and the
frequency is 10 MHz, The solid circles represent the atienuation at low tide while the open circles
represent the attenuation at high tide. The difference in the attenuuation function at high tide and low tide
approaches zero for observation points high up the beach. This is partially caused by the focusing proper-
ties of the profile for observation points high up on the beach. The model used to study attenuation at high
and low tides is an oversimplification of the true situation. For example, the water table under the dry
sand may be less than one skin depth (approximately 16 meters for a = 0.0001 mho/m and f = 10 MHz)
below the surface. This would result in less contrast in 0 and €_as the tide varied. There is the additional
problem that the tide comes and goes cvery 12 hours which makes o and €, functions of time. This in

turn makes the attenuation of the radio wave a function of time. These further complications are however,

completely within the scope of applicability of our formulation.
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SLBM RADAR CROSS SECTIONS AT HF {U)

G. N. Oetzel

Stanford Research Institute
Mento Park. California

| INTRODUCTION (U)

(i The submarine-launched balhistic missite (SLBM) is distinguished as a radar target chiefly vy
the tact that it s @ much smaller and more difficult target than a large ICBM. {t is physically smalicr
at faunch, since both U.S. and Russian submarines will only accommodate missiles that are about 10 m
long. Because of its smaller size there is less engine theust, and the SLBM generully does not continue

the engine burn as high in the jonosphere as the ICBM. -

(SH The current Russian SLBM s, the SSN-4 and SSN-5 are very-short-range, liguid-fusled missiles.
Both are single-stage missiles. The SSN-S, the larger of the two, has a maximum range of about 1300 km..

Engine burnout occurs at about 70 km, when the missile velocity is only about 3.5 km/s.

(S In the future, multi-stage Russian SLBM's with performance comparable with or exceeding that
of the Polaris can be expected. The A3 Polaris has a maximum range close to 5000 km, and sccond-

stage thrust termination oceurs at about 170 km.

Il LOW-ALTITUDE CHARACTERISTICS (U)

(S) When a missile is befow 70 or 80 km, the burning engine does not increase the radar cross

section very much, it at all. 'Nhen radar ilumination of the vehicle passes through the engine plume,

attenuation may ocecur and reduce the radar cross section (RCS) to extremely small values, Because
of this attenuation, a “blackout™ of the missile echo is usually observed by backscatter radars located

near the missile taunch site.

(S) When the missile is viewed from aspects other than the rear, the RCS in the low-altitude regime
is simply the skin cross section of the vehicle, Samples of the skin cross section, or static RCS, of the

Polaris and SSN-5 are shown in Figures 1, 2, and 3. Figure 1 shows the mavimum RCS of the Polaris
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$
betore staging, or below 30 ki, as a tunction ol trequency . b ths caleukation, the missile and
madent Nield are assumed to be aligned so that the electnie Dield vector and missile asas wee parallel.

Other onentations will yeduce the ROS trom the salues shown.

™\ Fagares 2 and 3 show sumilar caleubations tor the Polans atter stagimg. and tor the SSN-S. Fa-
Al
anipation ol these figures shows that the RCS s of the rder ot 16 m™ or less at the frequencies below
1O MU/ that are of most mterest 1o MAY BELLD Because the SSN-S s somewhat Larger than the
h ]

Polann sy RCS at 10 Mz may be as Large as TOO m ™, but no endimcement over this value shoul!? oe

avpected atany altitude because of the low altitude of thrust termination,

I ENHANCEMENT IN THE IONOSPHERE (U)

(S) I the engine thrust continues above 80 km, the RCS increases with altitude due to shock
e ation around the boundary of the exhaust plume. Fhe increased RCS due to this mechanism
contimuees up to an altitude ot about 120 km. where the mechanism of RCS eohancement changes. In

5

w 52 . C
sote cases, ROS values greater than 107 m™ have been observed on Polaris Linnches in this altitude
3

. . . 4 2 :
regine. However, it is not uncommon to find that the RCS never exeeeds 10 m™ on @ particular launch.
() Figures 3 and 4 show the range ol results obtained by 1TT and AFCRL on the most favorable
tests of the 1964 measurement series at AFETR. Of 18 Polaris launches observed, cach organization
chose to reduce data onjust three aunches for reasons of cconomy and because the data quality was

poorer on the other Liunches.

tS) Observations of Larger missiles, such as the Minuteman, show that the RCS generally rises as the
muissile continues to burn above 120 to 130 kmin the daytime. but that the RCS tulls dramatically above
that altitude at might. Fhe resui? s a considerable overall difterence in detectability between day and
mght obsenvations.,

(S) Where the Polaris has been observed to burn above 130 km, the continued rise of RCS in the

Jday time has not been observed. The Large RCS at about 140 km in the ITT data (Figare 3) is apparently
assockated with separation of the re-entry body. Making allowance for the separation peak. no

Tigh-altitude enhancement is seenin the data of Figures 3 and 4.
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(S IV IMPLICATIONS FOR MAY BELL (U)

N The SLBM s an extremely detranding target tor either an OTH system or a semi-OTH system
with 4 low-power illuminating transmitter, such as is contemplated i the BTEW concept. While larger
RCS values are obtained on occasion, it seems best to expect the RCS to be of the order of 50 m: mn
the it tew km at launch, and I()3 to IO" m2 at 100 to 120 km. The enhanced RCS at high altitudes

may List tor a few seconds only, which provides an additional problem for detection.

Y Obsenvations prior 1o the present have generally been made at 12 MH/ ¢z above. It would be
usetul 1t tests of the MAY BELL equipment would also provide some observations in the 6- to 10-MH/

rangye.

(S)

¢

RCS

wo? l | 1 1

0 90 11] 130 150 170
ALTITYUOE ——

(S) Figure 4. Composite Plot of RCS as a Function of Altitude far the ITT Data from Tests 0324,
2903, and 2955 (U)
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MEASURED SHIP CROSS SECTIONS (U)

J. M. Headrick

Naval Research Laboratory
Washington, D. C.

™\ Cross-section determinations have been made with the MADRE radar using ground-wave
propagation. A quarter-wave monopole located on the Chesapeake Bay has been the gain standard used
tor antenna calibration. The water conductivity has been measured for cach test and a path-loss determina-

tion made after the program of L. Berry of ESSA.

SH Figure 1 shows a MAY BELL buoy that was fitted with a modulated (10-Hz) antenna by EPL-ITT.
Figure 2 is an example of the characteristics of this type target. The left column contains, from top to
bottom, the eche amplitude of one sideband versus time, the Dopplers (9.5 Hz and 10.5 Hz) versus time,
and the amplitudes versus frequency. A one-half Hz offset from zero was used to obtain the above. In the
column on the right a similar set of pictures (in different order) are shown but with a true zero trequency
reduction. Notice that the two sidebands do interfere both constructively and destructively depending

upon the time.

S tigure 3 shows the radar return from the final version of the buoy antenna target. The target
appears 4t 7.5 and 8.5 Hz, the level reference at 10.5 Hz. The radar area determined for one sideband wan

19 4B m-. The relation used was
P, (4%)' R F?
P, G\

o-’-

whitre B s the ground-wave loss Tactor per L. Berry of ESSA.

(U Fagure 4 givers normalized signal levels made using the above techniques on HMS Arcthuwa, o
Bratish trreate. The difference between the curve defined by these points and the plotted loss curve ginves
the radar arca. The droop in the ugnal levels at the longer ranges due to shaclding by Cove Poirt i ween
mn Figure N

1L Figure 6 v a proture of the USS Thomas, and Figure 7 gives the radar area determination.

) Fagure X nva prcture of the USS Furer, and Figure 9 gives the radar area determination.

N
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HF BACK SCATTER FROM A SHIP'S WAKE (U)

D. D. Crombie

institnte for Telecommunication Sciences
ESSA Research Labs. Boulder. Colorade 80302

I INTRODUCTION (U)

(W In 1968 the writer suggested at a Defense Science Board (DSB) meeting that the highly period-c
structure of a ship’s wake might have a large resonant scattering cross-section. It was also suggested that
at some aspects, at least the Doppler shift of signals resonantly scattered from the wake would be differ-
ent from that of the signals resonantly scattered from the sea. As a result Dr. H, Kurss has investigated
how the Doppler shift from a wake depends on thie ship’s veiocity, on the direction of incidence, and how
its value at resonance compares with the Doppler shift of the sea clutter. He has also investigated how the

scattering cross section depends on the same factors. This note will summarize his results.

It DOPPLER SHIFT (U)

() The Doppler shift of the signal back scattered from the sea is given by
(Afp)g = 12" 3% /dm) (g/v]cos (020.) [*)
while the Doppler shift of the signal scattered from the wake at resonance is given by
(Af)y, = (3" /4m) (g/v) (cos 0/] cos (0 + 8]
Thus the ratio is given by
(Afp) /(A1) = acos/|cos 0+ 6 ]"

where a = 3”‘/2"“ = (.9306, 8 is the angle between the direction of the transmitter, as seen from the ship,

anu the direction of the ship’s motion, and v is the ship velocity while g is the acceleration of gravity.

The angle 0. 1s the inclination of the cusp lines of the wake te the direction of travel, and has a value
0. =19° 28
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$ Equation 1is plotted in Figure 1, and shows that except when @ s in the region of 20 to 40°
there s a significant difterence in the two Doppler shifts - This difference should enable a wake echo

to be separated trom the sea clutter in a properly designed monostatic system.

I SCATTERING CROSS SECTION (U)
(S) Dr. Kurss has also developed formulae giving the scattering cross section of the wake. An approxi-
mate version, which assumes that the width of the cusp line is ﬂ/ﬁkw, N
0 = const (K/k)? N3 (0)
where the const = 2401, and
K/k = 1845 n 'Y g

where §is the elevation of the nth crest along the cusp line. N is the number of crests along the illumi-

nated portion of the cusp line. The factor £(0) contains the angular dependence and is given by

F)=

sin (8t0l)
cos(():ﬂc)

where 0.0 . and 6 are shown in Figure 1. The variation of f(8) with 0 is shown in Figure 2. 1t is evident

that the cross section is zero when 8 = 6. but otherwise shows no rapid dependence on 6.

(S) At a ship velocity of 20 knots, the trequency (fr) of resonance with cuspidal components of the
wike, along the direction of the ship’s velocity, is -2.0MHz, the wake wavelength ()\w) is -7Sm. [f the
wake amplitude is 0.75m (1/100 of the wavelength) one wavelength behind the ship. K/k = 1.37. It the
illuminated length of the wake is 10km, N = 10,000/75 = 133 and N¥3=700. From Figure 1. {(0)=0.74.

Thus the scattering cross section for one component of the wake is -23,500m? ., at resonance.

(S) Yim and Tulin indicate that the surface wake of a submanne 30 ft. in diameter, 327 {t. long, at a
depth of 82 ft., and having a velocity of 20 knots will have an amplitude of 0.27 meters at § wavelengths
behind the submarine. Thus,

K/k=1.845(5)3x 27=1.1.

The other parameters being the same, the cross section of one arm of the wake is=9100m° at resonance.
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IV NOTES ON DETECTION OF SUBMARINE AND SHIP WAKES (U)
S Current caleulations indicate that the radar cross-section of a wake can be very large ( ~ 10*m?)

at resonance.

(3 The frequency of the radar depends quite critically ( < 1%) on the ship’s velocity and heading.

Thus the radar must step with very small changes, in frequency.

(S The Doppler shift of the wake differs significantly from the Doppler shift cf the sea, over quite a
wide range of azimuth angles. However, the differences are such that Doppler resolution of 1/100 Hz or
so are required. This implies observation tunes of a few minutes. The use of a bistatic radar is also
contra-indicated.

(S) Submarines produce surface wakes of significant amplitude if they are shallow enough and fast
enough. Current calculations suggest that the wakes might be detected for depths of up to 200 ft and for
speeds greater than 20 kts (lower speeds require smaller depths).

(S) At such speeds radar frequencies as low as 1 MHz are required. At these frequencies the obtain-
able radar range is quite large compared with those obtainable at higher frequencies because of the small
ground wave attenuation.

&) Provided the wake Doppler can be separated from the clutter Doppler, a radar for detecting wakes
will be noise limited. Thus the minimum wake amplitude which is observable will depend only on
ambient noise levels and transmitter power.

(S) I visualize that a radar for detection of wakes would consist of a pulsed monostatic system with
360° illumination. Pulse rates should be as high as possible consistent with avoidance of skywave clutter.
Each pulse will be transmitied at a different (by < 1%) frequency from the previous oiic. The complete
frequency scan will be completed within half the period of the Doppler shifts expected. Successive
signals at the same frequency will be added coherently.

(S) After signals from one or both “arms’ of the wake are detected their bearing can he determined
by various methods. It is presumed that the received signals will be processed as indicated above in
several range gates.
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FLEET AIR DEFENSE REQUIREMENTS (U)

Paul T. Stine

Radar Division, Naval Research Laboratory
Washington, D.C. 20390

1 INTRODUCTION (U)

(S Our Navy's problem in terms of fleet air detense (FAD) requirements is posed by the fact that
fleet units must operate in a hostile environment under constant surveillance by trawlers, submarines.
“neutral” shipping vessels, aircraft, certain types of land-based sensors, and possibly satellites, each
making use of sensing techniques available as a result of a rapidly advancing technology. In order to
operate cftectively. our flect units need improved surveillance data providing detection, identification,
and location or track of a threat while sufficient time remains for defensive reaction. This surveillance
capability needs to be available under all weather conditions, effective under EMCON operating
conditions. highly reliable. and capable of providing data of sufficient accuracy and timeliness as to be
useful to shipboard defensive systems. In addition, the surveillance system must not obviate an

appropriate offensive/defensive balance within fleet units.

Il DOCUMENTED REQUIREMENTS (U)

(S) Officially, the Navy's requirements for fleet air defense are covered by General Operational
Requirement (GOR) 17 titled “*Surface Anti-Air Warfare™ wlich essentially says that all ships must be
able to defend themselves against short-range missiles, and large tactical units must be able to counter
threats from all sources including space vehicles. Advanced Development Objective (ADO)Y 17-23X,
*Shipboard Surface Wave Radar’ deals more specifically with the probable threat and possible require-
ments for shipboard surface-wave radar as a means of over-the-horizon (OTH) detection of the threat.

Il NATURE OF THE THREAT (U)

(S) The threat as defined by ADO 17-23X, sumimanized in Figures | and 2, is a low-flying
(40 ft altitude) target capable of at least 100-nmi range and having a radar cross section (RCS) of one
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($)
square meter i the high trequency (HEY band. This RCS seems to be reasonable as substantiated by

model measurements shown in Figure 3. Along with low-flying attack aircraft and such sir-launched
misstles as the $8-C-2 (SAMLET). the patrol boat-launched 88-N-2 (STY X missile and the frigate or
subuarine-faunched §8-N-3 (SHADDOCK ) missile are commonly accepted as being representative of
todan s threats. The actaal range capabilitios of the 88-N-2, $S-C-2, and §§-N-3 are 22,45, and

250 nmu respectively ., i reasonable to expect that the threats of the near future will be capable oi

My ang tarther, Tower, and faster than the above mentioned missiles.,

THE REAL NEED (U)

v

S) In summary. the Navy's real need seems to be g surveillance system having the following basic
characteristios and pertormancy:
*  Ali-weather operating capability.
o Effectiveness under EMCON conditions.
Large-arca coverage (approximately a 300-nmi radius from fleet unit).
o Mobility to cover operating area of interest,

Compatibility with ships defensive and offensive weapons systems.

¢ High reliability.

e Ability to detect. identity. and track small (RCS = 1M?),

low flying (H = 10 1t) targets.
e Azimuthal accuracy of * 5°or better (as seen from the tleet unit),
o Range accuracy of £ 5 nmi or better (as seen from the fleet unit).
o Velocity accuracy of * 5 knots or better (relative to fleet unit),
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V POSSIBLE OTH SOLUTIONS (U)

(M) A Iist ot possible solutions to the Navy s Targe-arca surveillance problem includes AFW radar,
helicopter-borne radar, passive FCM, satelite sunveillance, sky wave radar, surtuce-wave radar, and
microwave radar propagating in the evaporative duct. Needless to say. cach has its advantages snd
tntations. Both AFW radar and helicopter radar methods of {ooking over the horizon sufter from
weather and logistics problems. Passive ECMis useless against o non-radiating threat. Sateflite sur-
verthanee taces severe logistics, weather, and accuracy problems. Skywave radar has range and azimuthal
accuracy himitations along with problems of propagation path availability as lustrated i Figure 4,
Monostatic surtace-wave radars, due to high surface-wave attenuation, would require powertul trans
mitters and farge antennas as illustrated in Figures 5 through 7. would be limited by practical consider-
ations to detection ranges of about 50 to 100 nmi and would not be usable under EMCON conditicns.,
Microwase radar propagation in the evaporative duct would also violate EMCON conditions and is
probably hnnted to ranges of 50 to 100 nmi. In addition, much remains to be learned about the time,

space. and thickness vanabilities of evaporative ducts.

tS) One other possible solution 1s a hybrid system in which one or more optimally designed mobile
skywave radars each operate monostatically to provide large-arca surveillance ¢ = 500-nmi radars)
around a tlect unit, the surveillance data being transmitted to the fleet unit by regular communication
links. [nasmuch as the skywave radars are ilfuminating the arca of interest, fleet units can be equipped
to make bistatic detection and location ot threats coming within a range of about 50 to 100 nmi as
shown in Figures 8 and 9. In this approach, the range accuracy of the bistatic data is quite dependent
upon strategic positioning of the skywave illuminators relative to the fleet unit as shown in Figure 10,
Although the bistatic range accuracy of such a system leaves something to be desired, it would appear
to have alt ot the desired characteristics listed under Section IV with a high probability of solving the

total problem.

VI CONCLUSIONS (U)
S It is concluded that the hybrid skywave/surface-wave system suggested above and summarized

in Figure 11 offers a practical setution to the Navy’s problem of OTH surveillance, and it is recommended

that steps be taken toward implementation of such a system.
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FLEET AIR DEFENSE REQUIREMENTS
FOR EARLY WARNING (U)

Richard J. Hunt

The Johns Hopkins University
Applied Physics Laboratory
8621 Georgia Avenue
Silver Spring, Maryland 20910

I INTRODUCTION (U)

") This paper discusses gross requirements for detection and alerting of a Naval Task Force against
the primary anti-ship cruise missile threat. A system which adequately meets this threat will almost
certainly satisty requirements of lesser threats. An example of a coordinated missile attack which might
be expected against a Task Force in the open ocean is discussed to highlight the salient features of the
various types of weapons available to the enemy. To provide adequate AAW defense against such an
attack. the AAW force commander requires warning of an impending attack with enough time so that

he may use his defensive AAW weapons in the best way. The actions that need to be taken to prepare
the defense. together with tactors affecting decisions, are outlined. Gross requirements for threat
recognition, time and bearing are given. Because of the need to communicate early warning information,

a functional description of an irtership communication system based on NTDS is provided (Figure 1),

{Uy»  The ensuing discussion follows cach of the charts in the presentation.

It COORDINATED MISSILE ATTACK (FIGURE 2) (U)

(C)  The Soviet Navy has been growing considerably during the last 10 years with the introduction
of many new types of ships. missiles and aircraft. The anti-ship missile threat has now reached a level
of quality, diversity, force size and geographical deploy nent that establishes it as & major constraint on
U S fleet operations. The threat, although developing i1 detail, is established in general pattern and
cannot be expected to change radically any more than the U S could easily diverge from the attack

Carrier Task Force concept.

(U) A well coordinated missile attack in open seas might be expected as shown in Figure 2.
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() This group is capable of launching 45 to 55 missiies at the USN force within a period of about

§5 to 10 mirutes. About 40 to 45 missiles will be successfully flying objects and will enter the air space
about the USN force. Approximately 5-35 should be operable sceking missiles. [t should be noted that
40 1o 45 missiles are engageable targets since the defenses cannot know which seekers are operable. The
detenses are thus faced with about 5 to 11 targets per minute if the attack is well coordinated. These

targets may be approaching the defense over about as large as 1207 angular sector,

[ It should be noted that roughly half the missiles came from submarines, meaning the surfaced

Launch platforms are esseatially undetectable until 2 to 3 minutes before laun-h,

() The enemy can be expected to support such an attack with high levels of stand-off barrage
jamming, In addition, air traftic density will be high and can be expected as a normal part of the en-
vironment, Traffic density will be variable depending primarily on distance to shore. Typically, on the
order of 50-100 friendly air tracks can be expected for operations close in tu shore and 20-50 friendly
tracks for open ocean situations,

il FUNCTION OF EARLY WARNING (FIGURE 3) (U)

) T'he primary purpose of carly warning is to provide timely information to the AAW force
commander so as to ensure that the actions necessary for preparing weapon systems to best cope with an
attack have been taken. The actions that are taken will depend on the information available to the com-

mander and the level of confidence he has in the validity of the information.

() The most critical factor in a good defensive posture is bringing system manning levels to GQ.
Commanders are reluctant to take this action unless timely and positive threat recognition can be pro-
vided. Recent fleet exercises have demonstrated that detection of targets with modified condition 3

watches is the single most limiting factor in detensive capability against simulated high density raids.

() To bypass the many normal sequential steps in the processing of targets, SAM and EW systems
are being built today (some elementary systems have already been installed) with so-called

“Threat Responsive Modes’ of operation. Basically, this system concept depends on adequate recognition
or identification of the threat. Some thoughts on providing positive threat recognition are shown on the
next chart. If the fleet has chosen to use EMCON as a deceptive measure and positive threat recognition
can be obtained. doctrine should be established to remove radiation silence.

() Some of the actions which wil! enhance detection and target processing are to employ limited
azimuth search by the operators of radar consoles, to use fire control radars in automatic sector search and
to bring the force PIM to a direction which will unmask radars and launchers. These actions depend on an
adequate knowledge of attack bearing,
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) The use of interceptorns, both CAP and DLI depends on sufficient time to bnng these systems to
bear against a known attack beanng. Interceptors can play a primary role in destroying launch vehicles
pror to misstle launch, destroying jammuag aircraft and assisting s the adentification process. Timely
knowledge of an attack beanng can help the toree commander m redeployment of surface elements in

A wad 1o best detend the laghvalae target. Redeployment may be particularly appropriate it shaps have
been disposed in missile traps or are on ASW missions and the threat information clearly establishes that

the attack s vectored to the high-value target,

IV THREAT RECOGNITION (Figure 4) (U)

O Since the Key element in taking actions tor a good defensive posture depends on positive threat
recornition, it is usetul to examine characteristics of the threat appropriate to the system under consider-
atton which may be germane to identification. The most striking characteristios of the missile threat,
independent of radiation signatures, are the Doppler separation from the luunch vehicle and the kinematic
protile of the target. The airfdaunched missiles current today are discernible by a Doppler of about 50 knots
which probably will not be smaller than this in the future. Subs will surface prior to launch for a few
minutes and are subject to detection before missiles are fired so that the Doppler from surfaced vessels is

a threat indication. Obtaining velocity vector to within 10V will give the force commander an indication

of the sucvess or failure of missile traps and dictate the need tor ship redeployment,

V GROSS REQUIREMENTS TO ALERT FORCE TO IMMINENT ATTACK (Figure §) (U)

() Time and beaning requirements for the several defensive systems are shown on this chart. Time

requirements transtate into range based on current missile speeds of about M1.0 and possibly M2.0 i tie

tuture. The limiting factor in time is the delay associated with bringing ships to GQ. Ten minutes implies
a range trom the task torce of the order of 100-200 nmi which corresponds roughly to possible missile
launch range and is therefore compatible with the requirements for positive threat recognition. Time
requirements tor poor ship disposition, however, are not satistactory for the force commander to alter

deceptive deployment tactics.

1) Bearing requirements for scarch radars are based on limited expericnee in fleet exercires which
show that operators do not detect targets from simultancous bearings separated more than 90V, Fire
control radar bearing accuracies should be within the automatic sector search patterns of these radan

which vary from 15° to 20,
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(C)  For interceptors, a CAl’ station at about 100 nmi requires sufficient time to achieve intercept of
the launch craft prior to missile launch. Greater detection ranges will permit the interceptors to act in the
role of threat identification and could well penvide the information in time for force redeployment for

eftective surface action. Bearing accuracies for interceptors should be within the Al radar scan.

VI POSSIBLE COMMUNICATION CONTROL (Figure 6) (U)

(O Witk regard to intership communication of detection information, the critical question is: Is the
force using - ON? I there is high confidence in threat identification, then independent of EMCON
status, doctrine should be to use the normal communication channels. If routine detections occur in the
system without positive threat indications, then if the force is not in EMCON, normal communications
should be used. On the other hand, if the force is in EMCON, intership communications should not be
used but the control ship should have the computer capacity in algorithms essential for computation of
inferences on threat hostility.

VIl INFORMATION FLOW TO PROVIDE INPUTS TO THE ID PROCESS (U)

) Systems of the future will use more sophisticated computer computational schemes to correlate
observations and intelligence and planning information. A number of actions must be integrated to im-
prove the ID process. Each combat unit which must engage contacts or assist in identification must per-

form the subprocesses of identification as shown in Figure 7.

Q] The initial ingredients in the process are the plans, codes and information available concerning
fricndly torces. These provide part of the inputs to the correlation process of the 1D tunction. The
observations made on contacts provide the other inputs. Out of this then comes the degree of correlation
between the data on hand and the observations which is then applied to an inductive or inference-making
device to derive an estimate of the degree of hostility of the contact.

(C)  This identification process must supply the degree of hostility information to the threat evaluation
function to ensure that there is an efficient processing of targets, i.c.. that weapons can be assigned to
hostile targets in a timely manner. Identification should also carry through to the weapon commitment
stage so as to provide a final estimate of contact hostility when a weapon is committed.
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FAD HISTORY (U)

J. M. Headrick

Naval Research Laboratory
Washington, D. C.

‘} (S The missile threat to ships was the inspiration for considering bistatic HF radar. The method

E was to use remote sky-wave illumination of low-altitudes targets near 2 ship and to detect the target-

| scattered energy by a ground-wave path to a ship-mounted receiving radar station. Some sample

" calculations were made i1 1967 that suggested feasibility. Figure 1 gives expected monostatic sky-wave
radar performance for a set of assumed radar and target parameters. The ionospheric model was per
ITSA-1. Figure 2 gives expected monostatic ground-wave radar perforinance for three operating fre-
quencies spread over a greater frequency range than the set required in Figure 1. In Figure 3 bistatic
performance is given for the required frequency extremes. These computations indicate the bistatic
method has possibilities; the analysis is treated in more detail in an appendix of i:.¢ MSDS Group Secret

Report “Missile-Threat Ship Defense Study™ (U) of 8 May 1968.

(S) A series of experimental tests have been made using ESSA transmissions for illumination and the
MADRE facility on Chesapeake Bay for reception. Figure 4 is an early example that shows resonant wave
¢choes received by ground wave. Figure S is a later example with higher power. In addition, some tests

have bezn conducted using the ESSA-received signal as a reference.

(U)  The ARPA FAD experiments were planned to complete!y demonstrate the hasic feasibility of low-
altitude bistatic detection and to expose both the capabilities and required system design features.

f (S) It is felt that the ARPA FAD i¢sis have demonstrated the basic bistatic feasibility of detection of
the low flyer. Giving a “'quiet” fleet unit such a detection capability may have several applications. How-
ever, the skywave illuminator should also be used as a monostatic radar, and it can complement the
bistatic system, give greater range detection and fill blind azimuths. In some cases it may e desirable to

have the fleet unit operate ground-wave monostatic aficr the first missile detections.

17
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NRL DATA ANALYSIS (U)

J. M. Hudnall

Naval Research Laboratory
Washington, D. C.

(U) 1 was planned that NRL 1) illuminate for part of the Fleet Air Defense (FAD) tests, 2) develop
computer programs for signdl analysis using | and Q plus monopulse channels including methods of dis-
play, and 3) after-the-fact examine and analyze the data using both the MADRE signal prv cessor and a

computer plus the developed programs. The contribution would be a capability for fine-frequency and

long-storage-time analysis plus a variety of displays.

(U)  To accomptlish task (3) NRL required that the data be recorded on 7-track tape in an 1BM-

compatible format. Due to a long series of events, not one reel of tape meeting the requitements exists,
Thus only Tasks 1 and 2 have been done plus considerable unexpected work in trying to achieve Tack 3.
Since the FAD source of a ciutter versus frequency description was to be NRL's, some fragments of data

will be shown here that do give pertinent examples.

(U Figures | through 6 arc the examples. In general the signal exhibited two or three a:aplitude
peaks as a function of trequency. It is hoped that weather and sea-state conditions can be compared with

! the energy distribution.

(U) I Figure 1, doppler (Hz) time delay (pseudo range) is shown at 16:52:502, un 10 February 1979.
The analysis bandwidth is 2/14 Hz.

(S) In Figure 2, a doppler time history is given for an 0.25-ms range gate starting on the time delay of
the second carliest strobe of Figure 1. A short aircraft track is evident. The bandwidth is 4/14 Hz.

(U) Figure sA was made with an 0.25-ms range gate starting at the e rlizst stiobe of Figure 1. Figure

3B wus started on the second strobe.

U Figure 4A and B show amplitude versus Doppler displays made for the last two strobes of
Figuie 1. The resolution bandwidth is 1/2Pth.

- rr—

1o Figure SA and B show displays similar to those of Figure 3, but made (or operation on 16.16 MHz.

L Figure 6 shows computer-gencrated spectra tor 27 February 1970
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FAD EXPERIMENT OF FEBRUARY, 1970 (U)

Thomas D. Scott '

ITT Electro-Physics Laboratories, Inc.
3355 §2nd Avenue
Hyattsville, Maryland 20781

I INTRODUCTION (U)

(S) The Fleet Air Defense Experiment which was conducted in January and February of 1970 used .
a skywave HF radar signal from the ARPA-ONR CHAPEL BELL facility at WHITEHOUSE, Virginia. to .
illuminate the area around a receiving field site at Cape Kennedy, Florida. The receiving site recorded

both the incident skywave field strength from WHITEHOUSE and bistatic radar reflections from a Navy <

P3B aircraft, flying on prescribed flight paths between 20 and 120 km offshore from Cape Kennedy. A
large portion of these paths were over the radar horizon from the receiving site because the airplane was

at a very low altitude.

i1 EQUIPMENT (U)

(S The skywave illumination was provided by a 500 kW (Pcak) power transmitter with an antenna .
with approximately 9 dB gain at the angles and frequencigs used. The bistatic echoes were received on a

17 dB gain antenna at Cape Kennedy. The transmission format was a binary phase coded 1.55-ms pulse

which was compressed to a length of S0 us. Pulse doppler and monopulse processing at the receiving

site provided range, doppler frequency (velocity), and azimuth tracking of the target. Modulated

antennas, installed on two buoys, which were anchored 25 and 50 km offshore served as control targets

and provided frequency. range, and azimuth calibrations. Communications via HF radio were maintained

at all imes botween the transmitter, receiver, and the aircraft.

Il RESULTS (L)

S Successful detection of the target aircraft was made out to a range of 160 km from the recciving

site even with the non-optimized system used for this experiment,
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S An example of the tracking results is given in Figure | which shows a typical zig-zag flight path
in the upper left corner. In the upper right corner is an azimuth versus time plot calculated or the
basis of LORAN data collected on board the aircraft along with the azimuth versus time record made
at Cape Kennedy. This record illustrates the azimuthal tracking capability of the equipment. The
graph and data on the bottom of Figure | show the computed and observed doj pler frequency history

of the aircratt echo as it executes its zig-zag path.

(S) In addition to the pragmatic results un aircraft detection and tracking, data were gathered to
permit the determination of path loss, noise, and bistatic target cross sections. The bistatic cross section
of the P3B aircraft was found to be between $ m? and 100 m? and was a function of angle. The noise
figures tor a 20-kHz system were generally abeout 7 dB larger than those predicted by CCIR for a narrow
band system in the daytime and about 10 dB larger at night. The path losses on the skywave path

agreed quite well with predictions.

IV CONCLUSIONS (U)

() The main purpose of the experiment was to test the feasibility of a hybrid (skywave-surface wave)
system tor passive detection of iow flying aircraft at ranges beyond conventional ship radar coverage
limits. The experiment proved the feasibility of this fleet air defense concept and provided data on some

of the problems and limitations of such a system.
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FAD RADAR SYSTEM STUDY (U)

Wesley N. Mollard

ITT Electrs-Physics Laboratories, Inc.
3335 52nd Avenue
Hyattsville, Maryland 20781

I INTRODUCTION (U)

(Y] In a paper titled “FAD Experiment of February, 1970 (U)" presented at this workshop.,
Thomas D). Scott gave somie results of the Flect Air Defense (FAD) experiments which were carried out
in January and February of this ycar. Those results ciearly demonstrated the feasibility of the hybnd.
skywave/surtace wave radar concept.

Ry} Following this demonstration of feasibility, ARPA has directed this contractor to undertake a
preliminary system study directed toward a potential tactical system employing such a hybrid-mode
radar tor fleet air defense. It was clear at the outset that such a radar system would provide the flect
with the critical function of maintaining an carly waming surveillance capability while <till presenvaing
vomplete clectromagnetic-radiation silence. This joint capability would protect the fleet against a sur-
prisc attack, and at the same time deny an enemy the use of fleet-generated radiation for the purposes

of tlect location or weapons guidance.

$H The overall objectives of this study are to inv_stigate the application of the hybrid-mode radar

to the problem of fleet air defense, and to determine the future actions necessary to permit the
development of an operational system. The first step in reaching these objeciives is to inter-relate the
nature ol the potential threats with the characternistics of the defensive systems available to the tleetin
order to awertain the performance cnterta which must be met by the hy brid-mode rader. From these
performance criteria, it is then possible to gencrate meaningful enginecring specifications for such a
radar. The above analyss will then help to identify those arcas whach still rec 2 resesech, development,
test, and evaluation (RDTE) efforts, indicating the arcas which constitute the state-of-the-art, those

which require further study, and. espevially, the prncipal areas of mh.

AY) This Current study draws upon past study etforts to the greatest extent posubic  In particular,
conuderable use is being aade of certain of the results from 2 previous ITT-EPL study of a CONUS OHB
tOver- The-Horizon Backwatter) system conducted for the USAF. The CONUS study 1 espevially usefid
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(S)

insolar as certmn threats and OHB performance criteria are concerned. Although the present study and
this past study differ with rospect to the mode of taddar operation ar.a tiie overall problem, they never-
theless have important areas of commonality, such as frequency regime. range ot doppler frequency
oftsets, target types, ete. In addition, maximum use will be made of other completed studies in
particular arcas, such as threat models and defensive systems. By drawing on this extensive background
of existing information, it will be possible. even in a modest study etfort, to ensure coverage or the
problem to a depth that establishes meaningtul bounds on the important parameters entering into the

problem.

(S Fipuie 1 shows a general outline of the FAD system study as it is being carried out by ITT-EPL.
The tflow chart in Figure 2 ittustrates more cleagly the inter-relationships among the various parts of the

study effort. The major elements making up the flow chart are summarized in the following paragraphs.

11 KEY STUDY AREAS (U)

A. Threat Considerations (U)

(S) The various threat models which are officially postulated to be in enemy inventories i iic

1970 - 1980 era arc being investigated. The threat models include both specific weapon characteristics
and attack scenarios. The individual weapons extend from aircraft attacking with short-range weapons,
aircraft employing long-range, air-to-surface missiles, and surface-to-surface missiles launched by surface
vessels or submarines. The variety of scenarios will extend from small-scale sneak attacks through
large-scale engagements. These threat models are being integrated to establish threat-model. performance
envelopes which define such parameters as altitude-versus-range, range-versus-time-to-target. density of

attackers, etc.

B. Defensive System Considerations (U)

(S) The defensive systems available for fleet use in the 1970 - 1980 era include sensors and active
defense weapons. Among the sensors are shipboard radars for acquisition, tracking, and fire control, and
airborne raaocrs and other possible sensors (such as LWIR). The active defensive weapons include
air-tu-air missiles carried by carrier-launched aircraft, surface-to-air missiles, and anti-aircraft artillery,
The various capabilities of these respective elements of the defensive systems are being organized into
performarnice envelopes which indicate the accuracy and timeliness required from an early warning
system so that effective use can be made of the defensive systems. An additional aspect of the consid-

eration of the defensive systems is the important feature of the ‘‘hand-off™ from the early warning
system to the shipboard terminal defense system. This and other specific interaction between the FAD
system and the other fleet defensive systems lead to a set of “interface requirements” which must be

met to ensure effective cooperation among the various defensive systems.
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C. FAD Radar Performance Criteria (U)

S Hhe pertormance envelopes of the threat mmodels and the detensive systems and the mtertace
requiremients will then be used to establish definitive performance criteria tor the FAD sy stem so that

it can play an ettective role in tleet defense.
D. Fleet Mission (U)

(S Clearly. the use of a naval tleet is not limited to a single, casily categonized. type of operation

1t i theretore necessary to consider a variety of fleet operational concepts in order to determine the
possible nanners in which the FAD concept can be applied in the vanious circumstances. Among the
aspects requinnmg consideration it the guestion of whether the FAD system should be simply added 1o
shups regularly 1n service, or whether it should be deployed on special-purpose dedicated vessels, or some
alternative between these extremes. Another important consideration is the extent to which the FAD

systent might be employed i a special-purpose communication system simuftancously with its radar v
E FAD Radar Function (U)

1S The nature of the skywave illumination in the present FAD concept is such that it is clear that
the illuminator can also act as a monostatic radar. The addition of this function could provide
carly-warning information at greater ranges than could be hoped for in the bistatic configuration,
without, however, oftering the self-contained capabilities provided by the bistatic radar 1t is important
in the study to define the optimum roles tor cach of the two possible modes of operation.

F. FAD Radar Engineering Parameter Values (U)

(S The net output of the FAD pertformance criteria and the fleet mission requirements will then be
a definitive presentation of the necessary engineering specifications of a FAD system which can provide
ctfective carly warning to the fleet in event of attack threats originating beyvond the range o other shie
sensors, a runge which may be set physically because of the radar horizon, or operationally by conditicns

ot electromagnetic control.

i1l CONCLUSIONS AND RECOMMENDATIONS (U)

(S) The output of the study will be a report in which the FAD enginecning specifications are detined.

and in which recommendations are made for action in areas requining additional RDTE

13?7
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SHIP DETECTIONS (U)

J. L. Ahearn

Naval Research Laboratory
Washington, D. C.

S The first positive HF radar ship detection by NRL was made on 29 June 1968. The detection
was by skywave at 15.595 MHz. 22.5 prt. 072 T +7° with an approximate cos? shaped pulse about

700 us long. Figure 1 is a set of pictures illustrating these observations. The ship can be seen at - 0.8 Hz.
1t was later identitied as the Grotedyk. length 534 ft, beam 67 ft and with a KKMMFM superstructure,
The ship was observed for 5 hours from 10 AM to 3 PM local time. The maximums of received signal
gave a radar area of about 1500 m?.

(S) A second example of ship detection is given in Figure 2. Operating parameters were 15.595 MHz,
22.5prf, 084 T = 7°. This target was the Forrestal. length 1034 ft. beam 250 ft. Maximums in signal
strength yiclded a radar area of about 13,000 m2. The target is at - 1.5 Hz and the clutter amplitude
(given in relative dB) versus trequency characteristic is an example of how well behaved it can be. Note
that a 10:1 reduction in pulse width would make the ship detectable at any speed except that of the

resonant waves,

(W Figure 3 is a ground-wave amplitude versus frequency plot made at 30-nmi range, and this is
shown to exhibit frequency resolving capability without ionospheric effects. In this example a

$0-second time sample was used.

U Another example of doppler resoiving capability is given in Figure 4. This gives doppler versus
range for a SO-us pulse length and only 10 seconds dwell time.

S It is felt that by adapting to (or taking out) undesired ionospheric effects there are genuine
rrosaibilities for ship traffic plotting by HF radar.
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HIGH RESOLUTION SEA BACKSCATTER (U)

J. R. Barnum

Radioscience Laboratory
Stanford, California 94305

I INTRODUCTION (U)

$H Stantord University's part in Project MAY BELL has been to study the feasibility of detecting
ships OTH by means of sweep-frequency-CW sadar while receiving on a very wide aperture antenna
array. It has become necessary to know the HF radar cross-sect. s of typical ships at sea, and

to measure the propertics of sea clutter using sky-wave propagation. A partially-controlled experiment
was also run, in which the detection of a 500-foot cargo ship was attempted. The purpose here is to
summarize these topics, and to specify what further work is necessary.

11 SHIP CROSS SECTIONS AT HF (S)

S Under a subcontract from Stanford, Technology for Communications International (TCD,
measured the backscatter from ship models at the Naval Electronics Labs (NEL).

(S A total of 99 radar cross-section ( o) patterns for a DE-1030 destroyer and a Forrestal Carrier
were obtained at frequencies between 3 and 22 MHz, for eletation angles between 3.5 and 20 degrees.
Bistatic and surface wave measurements were also performad at 3 and 7 MHz. The data were obtained
uxing 1/48-scale models at 48 times the HF value. The correspondence to the realistic (full-size) cases
at HF should be close.

(S) For vertical polanzation, the cross-sections are 10° 10 10° m* for the destroyer, and 10% 10
10® m? for the carrier. Horizontally-polarized cross sections are down 3 to 19 dB for the destroyer
tdepending on ship onentation), and 0 dB for the carrier, at a 20-degree elevation angle. The
“surface wave'” cross-sections are of the same magnitude as the above, and when the radar becomes
bistativ, the scatter is only 0 to S dB lower in amplitude.

148

SECRET




SECRET

(i Fhe number of nulls in all the patterns increase with frequency, but at a faster rate for the

ship.  Bistatic patterns contain fewer nulis.

' The accuracy in wmeasurement of max o is usually +3 dB  For 20 to 30 percent of the
patterns. a slight to moderate error in pattern null structure occurs; however, cnough data was taken

so that further measurements of this type are unnecessary.

Il SKY-WAVE PROPAGATED SEA CLUTTER (U)

(L) The radar cross-section of a sea patch was measured in the Gult of Mexico using a portable
repeater operated on board a cargo ship.  Using high azimuthal resolution (Y+-degree beamwidth) and
smzll cquivalent pulses (4-10 & s) the sea cross-section was reduced to 10* m2. The sea’s cross-section
per umt area was then calculated to lic between 10 and 10°.

W Fined frequency experiments have been performed to ascertain the cffect of controlled trans-
mitter polanzation on backscatter amplitude as a function of range in the Pacific Ocean. The results
show that it is possible to reduce the clutter by about at ieast 10 dB by switching the transmitter
between vertically and horizontally polarized antennas, while receiving on the 2.5-km Los Banos
array. The effect is not observed when using a 4-degree beamwidth antenna. which was explained
using swept azimuth data and computer-raytracing backscatter synthesis to show that polarization
rotation is very sensitive to azimuth changes.

(S It is now concluded that such a control over sea clutter magnitude should aid in ship detection.
The sca reflects the characteristic (ordinary and extraordinary) waves to the receiver such that time
delay of all received modes are constrained to be equal. By contrast, a ship represents a discrete target
and retlects these modes while keeping the ground range constant. Because of this difference, one
could simultancously null out the sea clutter while maximizing the ship’s retum. It is therefore clear
that some control over the radar’s polarization will help detect ships at sea, i.e., when the sounder's
antenna is large enough, and when the iono<phere permits the polarization phenomena to occur.

IV OTH SHIP DETECTION (S)

(S) On the basis of the results described in Parts | and 11 (above), it is probable that a ship could
be Jetected on a tota! power basis using the ARPA-ONR Wide-Aperture Rescarch Facility (WARF),
This follows from the measurement of a 10% m? total sca cross section, which is less than o 's for
broadside ships. The control of the sounder’s polarization may facilitate this detection.
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S Detection-onented expenments have shown that oil platforms (or groups of them ) were
seen i the Gulf of Mexico. When a 105 m? -cross-section repeater was operated on a 500-foot
vargo ship between New Orleans and Houston, the repeater’s echo was visible 90 percent of the
time. kchoes trom the ship’s position (other than the delayed repeater echo) were also seen
occasionally, but these may have been from platforms,

(S The experimental results demonstrate that Y-to ¥-degree azimuthal, and 4-to 10- us time
delay resolutions are obtainable using the WARF system, as predicted. Targets with cross-section

vomparable to those for broadside ships have been detected on a total power basis using the system.

1t has not yet been proved, however, that a ship was detected.

V FUTURE WORK (V)

9 o Mueasure more sca clutter magnitudes and polarization dependence at HF
o Study ways to use polarization control in OTH ship detection
¢ Run several well-controlled ship detection experiments

e Investigate use of repeaters as permanently-stationed reference targets
at sea

® Develop Dopplerfiltering for sea backscatter data processing on the
SFCW waveforn
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BTEW CONCEPTS (U)

Allen M. Peterson

Stanford Research Institute
Menlo Park, California

(S) Surface-wave beyond-the-horizon radar dates back to work undertaken before 1950 in the
United Kingdom.! Shortly thereafter a program was started by Raytheon? and continued by

MIT Lincoln3 Laboratory until 1957. The final repuit by Lincoln Laboratory clearly demonstrated the
feasibility of beyond-the-horizon detection even in the 1950-1960 time frame.

) A renewed interest in Surface-wave radars was initiated in the 1968 IDA JASON Summer Study*
during a review of OHD radar techniques. This study occurred in La Jolla, California and the possibility
of using anchored, buoy-mounted transmitters of relatively low power levels ( = 100 watts) arose in
discussions with personnel from Scripps Institution of Oceanography. Low power appeared possible
since buoys could be distributed along a “fence-line” or in an array so that the distance from the trans-
mitter to the target (aircraft or missile) could be kept small and the large surface wave losses could be
limited to the path from target to a land-based receiving installation.

S) Following the 1968 JASON Study ARPA initiated a research program to investigate the
possibilities of the surface wave systems including the buoy-based transmitters. A number of “catamaran”
huoys were procured from Scripps and instrumented by APL. Detection experiments were implemented
by Raytheon for the BTEW technique.

(S) In addition, surface wave propagation measurements were implemented to study the relationship
of losses to “‘sea state” conditions. This appeared essential based on theoretical studies carried out by
Barrick® who found that, under rough sea conditions, 10 dB or more signal losses would occur in the
desireable frequency range near 10 MHz. Losses of this amount, which appear to have been confirmed.
certainly make the system application more difficult.

(S) Sea clutter caused by resonant or “Bragg” scattering from sea waves was also raised as a source
of concern in system applications. Studies now appear to show that the Bragg-scattered signals are
sufficiently confined in frequency extent that they will not seriously limit system performance for
aircraft or missile detection because of the larger Doppler shifts associated with these targets.
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&Y One potentially desireable feature of surface wave techniques is their immunity to nuclear
propagation blackout. In fact, sufficiently widespread nuclear blackout could cause a reduction in back-

ground noise level and ionospherically propagated interfercnce.

(S It appears probable that enough has been learned during the BTEW experimental program to
z permit meaningful system studies in the near future. Certainly it should be possible to define required
future experiments based on the research which is being reviewed today.
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BTEW-1 FEASIBILITY TESTS (U)

Bruce B. Whitehead

Raytheon Company
Equipment Division
OHD Advanced Development Department
Spencer Laboratory
Burlington, Massachusetts

1 INTRODUCTION (U)

(S The BTEW-1 Feasibility tests were carried out curing the period January-March 1970 in the
vicinity of the Raytheon transmitter site on Carter Cay in the Bahamas. A total of eight flight tests were
made; one was chosen for detailed analysis. This paper describes that analysis and draws conclusions that

may be used in a system design using the BTEW-1 concept.
II NOMINAL SYSTEM AND TEST PARAMETERS (U)
(C)  For the selected test the system parameters are summarized in Figure 1. The aircraft flight plan is

shown in Figure 2. The aircraft made successive passes from CC to G3 and returned at altitudes ranging
from 250 feet to 14,000 feet. All passes were made at speeds of approximatelv 250 knots.

1 OBSERVED AND PREDICTED DOPPLER (U)

(S) Figure 3 shows the observed and predicted Doppler for the CC-G3 flight at 6000 feet. This and all
the Doppler predictions were based on the measured true ground speed of the aircraft. All computed
Dopplers are for a ground wave propagation path from the transmitter to the target. Two possible
propagation paths have been taken into account Vor the target to receiver path. These two return paths

resalt in two predicted dopplers. In Figure 3 on'y the ground wave prediction is shown and it can be seen
that the observed Doppler clearly corresponds 1o this mode. In Figure 4, a composite predicted Doppler is
illustrated. The Doppler track with the largest frequency excursion is the ground wave mode whereas the
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NOMINAL SYSTEM AND TEST PARAMETERS

RECEIVER SITE - - CAPEKENNEDY
TRANSMITTER SITE - - CARTER CAY
AIRCRAFT ~—  NAVY P3V (LOCKHEED PROP-JET ELECTRA)
ANTENNAS ——  RXANT 16 ELEMENT BSA
TX ANT A/4 MONOPOLE
GrG, = 16db
ALTITUDES -~ 250° —=—14,000°
LINE OF SIGHT —— 17,000°
FREQUENCY ~—  10.167MHZ
TRANSMITTED POWER - - 225KW

(S) Figure 1. Nominal System and Test Parameters (U)
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inner Doppler track has been calculated using a single hop F layer (300-km) return mode. It can be seen
rrat the largest observed Doppler track is clearly due to the ground wave mode. However, a small track

corresponding exactly to the sky wave return is also clearly visible.

(S Figure S illustrates the simultaneous detection of a controlled aircraft on 10 MHz and 15 MHz.
This detection was made when there were few other aircraft in the area and hence the absence of other
doppler tracks. With the addition of a ranging capability similar results could be achieved for the previous

lustration.

() Of turther interest is the presence of sky wave on the 10 MHz track whereas 15 MHz shows no sky

wave detection at all,

(S The observed presence of both modes reaffirms the fact that a purely ground wave mode of

detection is being realized.

IV OBSERVED AND PREDICTED TARGET SCATTERED RECEIVED POWER (U)

() Przdicted target scattered received power was computed using the following parameters:

a. Path loss attenuation as given by Dr. D. Barrick for Sea State 0.
b. System parameters as shown in Figure 1.
<. A reference target cross-section of 200 square meters,

S Figure 6 shows the predicted and observed received power for the pass from CC-G3 at 6000 fect
(the scale on the left has been referenced to the input of a calibrated receiver and hence does not reflect
the actual received power at the antenna). It can be observed that there is an approximate 10 dB dis-
crepancy between the predicted received power for a 200-m? target and the observed signal power for the
P3V uircraft.

(U Since it is expected that the cross-section of an aircraft changes with its aspect, it is instructive to
climinate this variable by plotting it against the observed difference in received power from a prediction
using a constant cross-section (e.g. 200-m?).

(U)  This has been done in Figures 7 and 8. The abscissa shows the difference in the observed recetved
power below that which would be predicted for a 200-m? target. The ordinate is the angle of illumination
in degrees below an azimuthal plane parallel to the surface of the earth.
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) These plots can be looked at as correlograms. Assuming all other parameters to be constant, all
observed points at 4 ;iven angle should yield the same received power. As can be clearly szen, a least
squares fit of all observed points would yield a line about which the deviation would be only about

1-2 dB. This is weil with:n experimental etror.

() Figure 9 shows the least square plot for each of Figures 7 and 8. The abscissa has been changed to
reflect observed cross-section in square meters. Two additional points have been shown on this graph.
They are monostatic cross-sections obtained from a laboratory model study by ITT-EPL. They are shown
here to illustrate the compatibility of the two independent observations.

vV CONCLUSIONS (U)

S it has been shown the the BTEW-i concept is phenomenologically feasible. The results of the
light tests ndicate a strong correlation between observed and predicted values of received power and
Doppler excursion. This implies then that a system design using the above techniques should yield
results commensurate with predictions.
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SLBM OBSERVATIONS (U)

Henry M. Baker

Raytheon Company

Egqutpment Division
OHD Advanced Development Department

Spencer Labonatory
Burlington, Massachusetts

(9 In addition to the detection of aircraft, as discussed in other MAY BELL workshop papers. the
BTEW system can be used for the detection of submarine-launched ballistic and cruise missiles

(SLBM, SLCM). During the data take in Florida, the opportunity to collect data during one SLBM launch
occured. This event, ETR Test 2989, was a Poseidon missile. It was launched from the USS Observation
Island on 24 March 1970 at a range of 55 km from the receiver site. During this launch, two CW
frequencies were being transmitted (5.152, 10.167 MHz) from Carter Cay, BWI. The frequencies were
monitored at the Cape Kennedy receiving site using the vertically polarized quater-wave-length monopole

antennas.

(S) The facsimile display of the spectral content of the 5.152 MHz signal is
shown in Figure 1. There are three distinct portions of the missile-induced
signature., These are the hard echo (T+ 40 to T+100 sec), wide-band noise-like
burst (110-170 sec) and an ionospheric echo effect (180.480 sec). The hard echo
is the skin track of the missile; the wide-band noise-like burst is a staging echo;
and the ionospheric perturbation is standard.

(S) The *15 Hz sidebands observed in the data were present during many days of the data
recording. They occured on each frequency being observed and at first were thought to be associated
with the ITT passive modulator buoys. ITT personnel indicated, however, that their equipment was not
producing the side-bands at these frequencies. A complete test was made on the Raytheon equipment
and the results indicated the sidebands were not produced in the receiving equipment. Therefore, the
source of these sidebands remains an unknown.

(S) A predicted Doppler frequency shift for this test was obtained using the missile post flight data.
As can be seen in Figure 2, the observed skin track did agree closely with these predictions.

(S) Figure 3 shows that the same type of data was observed on the 10.167 MHz frequency. Again
three portions of the signature are present, with a more pronounced hard echo. The predicted doppler
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(S)
shift again shows good correlation with the received hard echo, Figure 4. Notice that the received
carrier masks the initial 40 seconds of the predicted signature,

(S) The geometry associated with the event is shown in Figure 5. The tick marks on the trajectory
show the altitude of the vehicle and the time of flight. Note the region 40 to 100 seconds where the
hard echo was observable. At the signature onset (T + 40 seconds) the missile had travelled a horizontal
distance of only 5.5 km. By the time of signature drop-out at 100 seconds, a total range of 87 km had
been traversed.

$ The altitude and velocity plots versus time for the vehicle are shown in Figure 6. Tick marks
on these curves indicate the onset and the portion of the hard echo seen in the data.

(1)) The lower plot of Figure 7 shows the comparison of a computed and the observed signature
reccived power on the two frequencies. The computed received power is based on a Im? target
cross-section and was normalized to the existing system parameters. The S MHz computed and the actual
power received curves agree closely. This indicates that the observed cross-section on the S-MHz fre-
quency was on the order of 1m2. The upper plot of Figure 7 shows the measured cross section on the
10-MHz frequency versus time. At signature onsct, the cross-section was S7m? and as the missile’s
altitude increased the cross-section decreased. It is assumed that this decrease in cross-section is due to
the mismatch between the polarization of the vertical transmitting and receiving antennas and the

missile orientation which becomes more horizontal as the vehicle moves downrange. This polarization
mismatch was also observed by SRI and has been reported.

CONCLUSIONS (L)

(S) A BTEW system is capable of detecting SLBM missiles at a very iow altitude.

(S) Because the carrier masks the very low doppler frequencies, the altitude of earliest detection is
dependent on the geometry involved. A means of reducing the carrier spread without a loss of system
sensitivity or a means of cancelling the carrier would allow a Doppler signature of less than - 2 Hz to
be observed and permit the missile to be detected at a lower altitude.

(S) The three observable portions of the missile related signature are created by independent effects;
therefore, the probability of at least one of the three portions of the signature being detected is very
high and it more than one portion of the signature is observed a missile launch warning can be issued
with a very high confidence.

168

SECRET




SECRET

(S) With a deploye: i alti-station BTEW system where the hard echo is observed on three or more
independent paths, missile trajectory information can be derived in real-time from analysis of the
Doppler records for the observing paths.

REFERENCE

I. G.N. Oetzel, 'SLBM Radar Cross Section at HF (U),” Stanford Research Institute,
February 1970, SECRET.

169

SECRET

o A




(1) THIN L91°01 1& paasasqQ mie( radads ¢ 3ndig (S)

NOILVENNLY3d  OHO3
II43IHdSONO!  9ONIOYLS O_._

SECRET

ZH Q9+ —

o
JLNNIW |

(s)

170

SECRET




SECRET

(N) THN L91°01 uo PPy uied renoadg ‘¢ ambig (S)

viva
ad3AYd3sa8o0 o1

|
NI OO|| ‘\.\..f(l)..)\q.\,w reusEes— = - ; : : . - g — _l...\4;l\..

OHO3
INS
Q3101034d

......

SN NS . A
Rt <R TR
0— ,

RN 23 i ; _ ‘grzg?\. ) .S.l
| ‘. . . [ , ) : ¢ .

O T T T T T i
|
JINNIW |

(s)

m

SECRET



(N) 6867 1L M1 Jo Andwoan °§ amiig (S)

e
j‘l‘!.—
-, 'H/o-o- emgu®®

e (\M

YECONIIONS
apvy

SECRET

(s)

SECRET

1m




SECRET

(S

1,000} 4220
VELOCITY
D
10,000} 41200
9000 SKIN ECHO. 1180
TERMINATION
8,000} 4160
g 7,000} 4140
v -3
= x
> 6000p AniTupe|'29
- —_— >
% =
o 5000f 1100 32
>
4000} 4 80
3,000 4 60
2,000} { 40
1,000} 4 20
0 | . Y 3 1 1 | S 1 1 Iy o
0 10 20 30 40 S0 60 70 80 90 100 110 120 130 WO0150

TIME (SEC)
(S) Figure 6. Mimsile Altitude and Velocity vs Time (U)

173 1

SECRET




SECRET

(W)
60

80}

40t

€
;)

-140 +

-150 F 10 Py

-16C -

~~~ 5COMPUTED Pqim*
-'70 = 5P
\ ~ 10 COMPUTED Pg im?

-180 F

-190 i l i —_ 1
20 40 50 80 100 120
TIME (SEC)

(S) Figure 7. Cross-section (U)

174

SECRET




SECRET

PROJECT AQUARIUS (BTEW-2) (U)

K.D. Snow

Sylvania Electronic Systems - West
Mountain View, California 94040

I INTRODUCTION (U)

(S) Project Aqua. .- 's a part of the ARPA-sponsored ocean surveiliance program under Project
MAY BELL. The primary goals of the project as shown in Figure 1 are to experimentally demonstrate
| the feasibility of detecting submarine launched ballistic missiles and low flying aircraft, and to compare
the experimentally observed detection ranges. The results of the experimental work completed to date
indicate that target aircraft can be detected at the theoretically predicted range and that the concept

is feasible providing there is sufficient vadiated power from the transmitter.

Il EXPERIMENTAL NETWORK (U)

S The experimental setup consists of using a bistatic HF continuous wave radar consisting of a

low power ocean-based bouy transmitter and high sensitivity receivers located on the coast. A detection
: is made by serving the doppler-shifted signal that is scattered from a moving target such as an airplane
: or an SLBM. The target is iliuminated by line-of-sight or groundwave energy from a transmitter. The
scattered doppler-shifted return is received by ionospheric skywave as illustratec. in Figure 2.

™) The experimental system geometry is shown in Figure 3 with the bouy transmitter .ocated
approximately 120 kilometers off the Cape Kennedy coast. A high power set of transmitters is located
at Carter Cay in the Bahaman Islands and the high sensitivity receiving system at Vint Hill Farms Station

in Virginia.
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11l RECEIVING SITE (U)

(U)  The block diagrams of the two receiving systems are shown in Figures 4 and 5. Figure § shows
a 12-channel receiving system, including a DF set connected to an LDAA steerable antenna. The twelve
analog receiving channels use R-390A receivers and drive a real-time analog spectral display and a
twelve-channel analog tape recorder. The other receiving system is a van-mounted high dynamic range
digital processing system containing synthesizer controlled receivers, digital spectrum analysis and both
an analog and digital PCM recording capability.

IV AIRCRAFT TESTS (U)

(S) Figure 6 lists the operations of aircraft flights and hearability tests through 10 February 1970.
On 27 January during the controlled tests, the P3B controlled aircrait was detected at two different
times on two different frequencies. The flight path and the detection regions for this 27 January flight
are shown in Figure 7. The data collected in real-time is shown in Figure 8. The data at the top of the
tigure shows the detected doppler signature lasting for a period of approximately 30 seconds for the
10.167 MHz frequency. The detection is at a range of approximately 9 kilometers from Carter Cay
and exists during the time when the plane banks following a turn over checkpoint C5. The lower half
of the figure shows the second detection on the 15.595 MHz frequency, again lasting for approximately
16 kilometers from Carter Cay. The same characteristic signature exists and is also present at the time
when the plane is banking during a turn over checkpoint D4. Both of these signatures seem to be at
times when there is specular reflection from the transmitter at Carter Cay to the receiver at Vint Hill
Farms Station. Figure 9 is an expanded view of the flight path and includes the detection regions for
these two detections. By assuming turns are completed by first flying over the checkpoint and then
making a maximum turn rate for the next checkpoint, the doppler shifts predicted from this type of

flight plan match very closely to the actual observed data as shown in Figure 8.

VvV SUMMARY (U)

(S) To summarize, the goals of the project have essentially been met; that of demonstrating the
feasibility of the bouy tactical early warning system. Howev.. to make this system useful for detections
at any range beyond a few kilometers, the effcctive radiated - -~wer from the transmitter will have to
exceed the 2000 watts used for the Carter Cay detections of the controlled aircraft flights.
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DETECTION

REGIONS  \15-5% MHz

SECOND PASS
DETECTION
10.167 MHz  1655.3¢

FIRST PASS
DETECTION
15.595 MHz

FREQ = 10.167 MHz 15.59 MHz

2 2
v 100 m 100 M SCALE: 25 KILOMETERS
NOISE = -Idbw  -145 dw - -
GAIN = 17 5dd

tS) Figure 9. Predicted and Observed Detection Regions (S)
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BUOY CONSIDERATIONS (U)

Daniel M. Brown

Scripps Institution of Oceanography
La Jolla, California

I INTRODUCTION (U)

(U)  The buoy must be designed as part of a system. Considerations of this system are —

How much antenna mntion can be tolerated?

How much power will be needed to run it?

What is the expected service life?

What security problems must be considered?

What provisions should be provided for servicing at sea?

What unusual sea conditions exist that might dictate a buoy different from a
“standard™ buoy? - And with what impact on cost?

11 MOTION (U)

(0 Antenna people must consider the real needs for antenna motion, as this has the greatest affect
on choice of buoy concepts. Small surface-following floats, such as the Bumblebee, can respond to as
little as a 2-sccond peniod roll. The mast and buoy can overcome this period by its mass so that hulls
will not respond to high frequency waves. When waves are taller, the hull merely follows the sea surf.
slope at whatever natural frequencies exist.  Larger surface-following floats have greater payload and can

overcome most choppy sca-state conditions.

(U)  Non-surface-following floats such as a spar buoy will hold most motion to a miniinum up to the
point of resonance where it begins to oscillate up and down.

tUr A spar buoy must be quite large (80 feet or more) to keep the mast out of the water in most sca
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1Y)
states. Size is not bad if it is consistent with all other requirements.

1 POWER (U)

(U)  Motion generators develop power in proportion to their size, but the motion may not always be
available, or an unusual lack of motion (wind or wave) may exceed expectations and exhaust the battery
reserve. Stored energy has weight and dictates a buoy displacement proportional to the service life.
Diesel or propane 4-cycle generators radiate considerable noise through the water which can be used to
locate the buoy. Nuclear power presents a political problem if a buoy breaks loose and comes ashore.

If they are oot too far offshore shore-based power could be nin out to a line of buoys through undersea
cables, and up to the buoy.

1V SERVICE LIFE (U)

(U)  The buoy shouid be designed for servicing on-station at sea, or for repriacement in the event of
failure of some sort, or for routine maintainance. In addition to servicing, buoy design neeus to reflect
shipboard handling and deployment considerations.

(U)  Any of the proven materials used for a ship or boat can also be used for a buvy to compliment
the antenna needs, e.g., steel, plywood, fiberglass, ferrocement.

{U)  Mooring lines of nylon rope, jacketed with polyethylene in areas of fishbite or wear, can be used
for long periods of time — 18 months to 2 years.

V SECURITY (U)

(U)  People will visit a buoy if they find it. Should it have an “open hatch alarm” that radios to a
shore base? Should it be self scuttling in event of theft, or breaking loose, or by radio command” If
it does not have all the navigational lights, horns, bells etc., what about maritime liability in the event
of a collision? Should the buoy be designed for no service access after a hatch is welded shut? Also, it
must have a “silent™ power source so that it can’t be located by hydrophones.

V1 SERVICE AT SEA (O»

(U)  Consderation of method of service is vital in design. If it is to be boarded at sea it must be
provided with the necessary hatches and handrails to board in moderate sca. If it is designed for
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V)

replacement, then quick-disconnect systems or ¢xchangeable mooring attachments must be provided as
well as shipboard lifting or retnieval gear.

VIl IMPACT OF UNUSUAL SEA CONDITIONS ON COST (U)

(U) A standard” design can be used in most ocean areas, but in some areas such as the Guif Stream,
or areas of excessive icing, special designs may be necessary to survive these congitions, which would
increase costs to more than that of a “standard” buoy.
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MAY BELL PLATFORM PROBLEMS (U)

Dr. Frank Bader
The Johis Hopkins University
Applied Physics Laboratory

8621 Georgia Avenue
Silver Spring, Maryland 20910

I SUMMARY (U)

(S SCRIPPS Oceanographic Institution “Bumblebee™ ty,.¢ oceanographic buoys were used as ocean

platforms for radio transmitters during BTEW studies. Although used for a purpose and at locations other
than those for which designed, the buoys functioned in a satisfactory though perhaps non-optimum
manner. This discussion presents our interpretation of the BTEW buoy requirements together with a

discussion of problems encountered in use of buoy-mounted radio equipment.

Il REQUIREMENTS (U)

(U)  In summary the buoy requirements are ruggedness to withstand storms, stability as an antenna
platform and load carrying capability to accoinmodate the radio transmitters, power supplies and other
payload. Cost should be moderate with a relatively long life (years) in use. The buoy shouid provide
suitably protected spaces for electronics and a mounting base for a monopole antenna of 20 to 30 teet
in height. The “payload” includes 14 lead-acid storage batteries weighing about 1000 pounds and about
SO pounds cach of clectronics ard telemetering sensors, with a large part of the latter weights being

related to watertight containers.

Il OPERATIONS (U)

(U)  Of the four SCRIPPS “Bumblcbee” buoys furnished to the Apphied Physics Laboratory by ARPA,
three of these were cquipped with transmitters and the fourth was turned over to ITT-Electro Phyucs
Laboratory for emplacement of a broadband antenna and passive modulator. Two busys, one cyuipped
by APL and the other equipped by ITT, were emplaced finst on the Chesspeake Bay and subsegucntly

off Cape Kennedy, Flonda for over-the-honzon tests.
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(U The Chesapeake Bay tests were a “'shakedown™ of electronic equipment and not a test of buoy
scaworthiness, The Cape Kennedy moorings are shown in Figure 1 with the APL buoy at a 120 kilometes
(65 mile) range within the outer fringe of the Gulf Stream and the I TT-equipped unit at 50 kilometers
(27 2 nmi) in the inner margin of the Gulf Stream. Water depths were around 2400 feet and 250 feet
respectively. The Gulf Stream speed was around 2 knots at these location: imposing 100 to 200 pounds
drag on the moorings. The mooring problems are very similar to Naval paravane towline problems which
have been studied extensively by the Naval Ship Systems Command, David Taylor Model Basin and.

for example, discussed in their report number 533 of October 1944 by Messrs. L. Landweber and

M. H. Protter. In summary, the horizontal stream forces upon the buoys due to currents and wind drag
may produce horizontal pulls upon the mooring of 100 to 200 pounds, these coupled with stream forces
on mooring lines produce mooring line tensions of between 700 and 2000 pounds force depending on
mooring line length (often called scope); with lesser values of line tension occunirg for longer lengths

of mooring line. At the bottom of the mooring line, one must provide a sufficient “dead weight™ to
overcome the vertical component of the mooring line tension plus a suitable anchor to imbeq into the
ocean bottom to resist horizontal stream forces upon the buoy.

(U  Figure 2 shows the arrangement used ‘0 moor the APL equipped Bumblebee buoy. This was used

satistactorily three times. The first mooring was for only a week in December 1969 with the buoy being
taken up intentionally because tests were to be recessed for Christmas. The succeeding mooring made on
January 20, 1970 held for a month until the buoy had to be taken up for repairs to the antenna and
electronics. A swedged cable joint, shown in Figure 3. was found to be on the verge of failure due to the
use of an aluminum-magnesium sleeve used through error in place of Niccepress sleeves recommended y
by SCRIPPS (and used on every other joint). The buoy was refitted and remoored 17 March and held
its moorings through mid April without failure until test termination. Mooring components were re-
covered and found to be intact and undamaged except for the scraping during take-up.

(U)  During emplacements, several storms were observed at Cape Kennedy with waves up to 12 feet
high, the buoys survived although the antenna upon the APL-equipped buoy was damaged. apparently
through excessive roll which caused the tips of the antenna “top hat™ to roll into the water and be
broken off by wave force. Buoy environmental data telemetry indicated that even for relatively calm
scas the buoy would gererally be rolling pius or minus 11) degrees. The buoy arrangement is shown in
Figure 4.

IV CONCLUSION (U)

tS) The Bumblebee puoys were satisfactory for the purposes of the BTEW surface wave radio propa-

gation measurements. More stable platforms would be desirable Tor a tactical buoy-mounted over-the
honzon radar transmitter. [deally, the buoy hull should maintain an attitude tangent to the local water
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(U) Figure 1. MAY BELL Buoy Locations, Revised | December 1969 (U)

$ 16-1CH SMACKLE
16-F00T, $/144NCH 885 A
2mc ANoot
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POR DECK NOLOMG 888 CHam
3 16-INCH
00-FOOT 3 /3-0CN 6 BY 19 IWRC
nRe rore
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(U) Figure 2. Anchoring System for MAY BELL Buoy Located
70° 39" West by 28° 12" North at 2 Depth of ~ 2400 ft (U)
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(U Figure 3. Corrosion Failure of Swedge Joint (U)

() Figaiz 40 MAY BEL! bas Arrangement (L)
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surface at a constant height so that the transmitter antenna properties were not altered through change
in clevation or tilt with respect to the local water surface. The ONR-Convair **‘Monster” buoy is
apparently of this configuration but buoy cost and size are several orders of magnitude larger than that
for the Bumblebee buoys. If large (1 kW or larger) transmitters are to be employed, such large buoys

may be needed to carry electrical power supplies and fuel for continuous operation over a period of
months.
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BTEW SYSTEMS ANALYSIS: CLUTTER (U)

Donald E. Barrick

Battelle Memorial Institute
505 King Avenue
Columbus, Ohie 43201

I INTRODUCTION (U)

S Last spring a brief study was undertaken to calculate expected target-to-clutter ratios for a CW
BTEW configuration. An aircraft was selected to fly near the deck on an approaching course. The object
was to find howmuch lower the total received target signal would be from the total received clutter signal.
and also from the direct signal transmitted by the buoy. While spectral processing can certainly be used.
to detect target signals 40-50 dB below the clutter and carrier due to the different dopplers involved,
ultimate limits on such clutter suppression technique are set by the dynamic range of the system. Thus
the purpose of the present study is to indicate the required dynamic range; as well as the clutter improve-
ment ratio needed for CW detection and tracking of aircraft targets in a high-clutter environment.

II APPROACH (U)

(U) The example to be considered is not meant to prove a point; it may not even be representative of
the final geometry selected for a BTEW system. It is merely chosen to obtain a feel for the order of
magnitude and dependence of the target-to-clutter and target-to-direct signal ratios on the range and path.

S) For the hvpothetical system examined, an omnidirectional buoy transmitter is located 300 km
from the shore-based receiving antenna. The latter is assumed to be a steerable array of half-wave dipoles
750 feet long with a beamwidth of about 10°. A gaussian pattern is employed for convenience. The
frequency assumed for the example is 7MHz. The gain of the transmitting antenna is 1.64. the gain of the
receiving antenna is 36 exp {-.693 [ (O - 60)/5‘"’] } . 00 is the direction in which the receiver beain is
pointing with respect to the transmitter-receiver baseline. A simple CW signal is employed so that no

direct range resolution is possible.
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(W) In calculating the received signals, the basic transmission loss is used te describe propagation.
This quantity was discussed in a paper titled “Theory of Attenuation and Clutter (U)” presented by this
author at another session of this workshop. Curves of loss across the sea were presented in that report.

For this problem, Sea State 2 is assumed in eniering the loss curves.

(S As applied to the aircraft, the radar range equation can be rewritten in terms of L, and L, the

basic transmission losses from transmitter-to-target and target-to-receiver, as follows:

P
= - R ’ ; 410
Ly = -10Loky b = Ly 4Ly -Gy -Gy - 10 Logy, (%)

where
P, = Received power
PT = Transmitted power
L, = Overall transmission loss
Gy and Gy =The free-space antenna gains
o = The radar cross section of the aircraft. The latter is taken to be 40 m? throughout

the problem.

(S) The above equation is expressed in decibels. Figure 1 shows a possible radar-target geometry in
which the aircraft is approaching on a course 20 © from the baseline. Its range from the receiver is 370 km.
The receiving antenna beam is pointed directly at the aircraft. For this single configuration, the overall
loss, L, is 201 dB; actually, L is conputed versus range for the aircraft approaching on two courses, 20°
from the baseline and on the baseline. The receiving antenna is pointed at the target in both cases.

O To compute the received clutter signal, the same procedure is applied to a target which in this
case is a patch of sea of area R AR Af, as shown in Figure 2. Here, the sea has an average bistatic

scattering cross section per unit area, 0°,, of -30 dB; this number is somewhat lower than its fully
developed valtue of -23 dB, so as not to be overly pessimistic. A numerical integration must be performed.
summing the powers received from all patches. Figure 2 shows how the overall transimission loss is com -
puted for a particular patch, the i, j-th patch. The receiver beam is pointed 20° off the baseline.

Figure 5 shows the weights of all such patches in their contributions to the total received clutter. The
total loss for all of the clutter, computed by summing the absolute power received from each patch, is
143.5 dB. This clutter calculation is also performed for the receiver beam pointed along the baseline as

well, in which case the overall clutter loss is 125.8 dB.

) Finally, the power in the direct signal from the transmitter to the receiver is computed. The latter

is done for beam positions 20° and 0° from the baseline. The loss corresponding to these two cases is
142.4 dB and 94 dB.
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(S These numbers are then used to conpute the target signal-to-clutter ratio for the aircraft approach-
ing on the two paths as a function of range. The results are shown in Figures 4 and 5. In Figure S, the
notch at 300 kin occurs when the aircraft passes directly over the buoy, in which case the target signal
becomes very large. Hence the signal-to-clutter ratio drops at this point.

(Q) Figures 6 and 7 show the target-signal to direct-signal ratios for the same two approach courses.

11 CONCLUSIONS (U)

S Several conclusions can be drawn from these curves. For one thing, the target must be close to
the buoy tence before the two ratios drop below about -60 dB. This latter nunber might be taken as a
state-of-the-art dynamic range for a radar receiver and processor, aithough by no means the ultimate

possible.

(S) Another conclusion is that the worst approach path is the one aiong the baseline. There, the
strong direct signal would tend to swamp the weak aircraft signal, except possibly when the aircraft
passes over the transmitter. Over most of the path, the target echo will be 80 dB or more below the
direct signal. Of course, the better ratio for the 20° path is only possible here because the beam of the
receiving antenna is pointed away from the buoy, and hence the direct signa! is weaker. A non-directional

receiving antenna would result in a bad ratio for both aircraft courses.

(S$) The above ratios become better for the buoy fence closer to the shore and «:50 for the aircraft
target at a higher altitude. Studies similar tc that done liere are to be undertaken for fences at different
locations and also for more realistic antenna patterns and target cross sections. Phase-coded signals,
which permit exclusion of signals from alt except the de' ired range cell, will certainly offer improvement

over a CW system, and are to be included in further studies.
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Signal-to-Clutter Ratio ,dB
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Aircraft Rodar Cross Section = 40 m? -
Frequency = 7T MHz

Sea State 2

Sea Cutter P /P,=~1435 dB
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tCy Figure 4. Target Signal-to-Clutter Ratio vx Range for Aircraft and Antenna Beam on 20" Line from
Baseline. (U)
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Target Signal-to-Direct Signal Ratio ,dB
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THE BUCY TACTICAL EARLY WARNING SYSTEM CONCEPT, BTEW-1 (S)

L. Edwards

Raytheor Company
Equipment Divisicn
OHD Advanced Development Department
Spencer Laboratory
Burlington, Massachusetts

(S The BTEW concept originally cvolved from the thought that OTH surveillance might be achieved,
even during times of nuclear blackout. by using a system based upon ground wave propaga’ion. Such a
system would, in fact, enjoy increased range and sensitivity at time of nuclear blackout because fesser

amounts of noise would reach the receiver via 1onospheric paths.

S Monostatic Ground Wave Radar systems had been considered in the past; however, it was well
known that such systenis achieve long range coverage only at the cost of very high power. To overcome
this disadvantage it was suggested that a buoy terminal in a histatic mode might permit long range detec-

tion while power and system gain factors were kept to levels more attractive from a cost viewpoint.

¢y Lacking a specifically defined performance requirement it was decided to take the approach of

attempting to define the capabilities, or potentiai capabilities, of the concept as a function of system gain.

(S) In general it is desired to determine the practical usefulness of the concept as applied to the entire
coastal defense problem, as well as to the defense of specific strategic arcas such as the Flonda straits or

the Northeast industrial complex.

(S) The propagation and feasibility tests that were conducted off the Florida coast demonstrated
that standard radar calculation techniques, coupled with Barrick's loss model, could be used to descnbe
coverage areas. Actually to calculate coverage areas, 1t is necessary to define the deployment concept
being cx.:me'med. the vanious system patameters and the threat or expected target. Four different deploy-
ment concepls were examined:

¢ The monostatic radar cane

o A shure transmitter and buoy receiver

¢ A buoy transmitter and shore recever
* Buoy-to-buoy pars
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The expected threat encompasses targets trom the SECM size to Larger bombers and SEBM's. At

ty pical ground wave operating trequency of 10 MHz the cross sections of these targets range trom about
i me tor the SLOM, about 100 m* tor the attack bombers, and about 163 m= tor an SLBM when 1t
reaches the lower ionesphere. The system parameters chosen for cach of the deployment concepts ex-

anuned are shown in Figure 1.

($H The coverage by the monostatic system 1s shown in Figure 2. The map area shown covers the

castern seaboard from Boston and the Massachusetts Cape area down to the Washington-Baltumore-
Chesapeahe Bay area. The system s shown located on the lower end of Long Ivand. The inner concentoie
aircles represent the range out to 125 km where detection could be achieved by suuply pulse modulating
the 200 AW transmitter with a 100-us pulse. The outer sector represents the area that could be covered

autto 2

SO km using a 1-ms (long) pulse with a 101 pulse compressioncode that allowed range resolution
of about 15 km. With B-degree azimuthal resolution provided by the antennas this would allow target

location to within sbout a 15 km square at a range of about 200 km.

tSH The additional coverage that would be aftorded by adding a buoy recewver to the complex s

lustrated in Figure 3. This variation provides coverage out to 300-350 km trom the shor station.

S The coverage provided by the Bistatic 1l Buoy Transmitter - Shore Recerver system i described in
Figure | and shown in Figure 4. Three shore receiver stations and seven buoys provide a radar fence at
200-225 km range from the Massachusetts Cape area down the coast to the Washington Arca.

(S} The Bistatic III buoy-pair concept provides limited aircraft coveragc., The
buoys can be spaced at about 1 C)-km intervals; but by using either ground wave or
satellite telemetry modes back to shore, they could provide warning at greater
off-shore distances plus offering much greater surveillance of SLBM's. A possible
East coast buoy fence system is illustrated in Figure 5,

S Figure 6 has been prepared to illustrate the magnitude of a system designed te provide sunveillance

for the entire Eastern coast of the United States, Ten shore stations operating both - onostatically and
bistatically with about 30 off-shore buoy reveivers would provide continuous coverage from Nova Scotia

down around the tip of Florida out to a range of about 350 km.

Sy The basic feasibility; of the BTEW-1 concept has been suecesstully demonstrated. A system of
modest size, and therefore presumably modest cos?, can provide off-shore detection coverage out to

ranges of 300 to 400 kms. SLBM coverage can be obtained te sigmificantly greater ranges.
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MONOSTATIC
SYSTEM PARAMETERS
Gr = 22dB
Gg = 22dB
F = [10MH:z
o = 100m?
Pr = 100kW (200 kW PLP)
3 dB efficiency loss
Noise = -154 dBW/1-Hz band
Pg = Noise +9dB=-145 dBW
SEA STATE 3

BISTATIC I

BUOY RECEIVER - SHGRE TRANSMITTER
Gr = 225dB
Gg = 1dB(2dB-1dB)
F = 10MH:z
o = 100m?
Py = 100kW

3 db efficiency loss

Noise = -154 dBW/1-Hz band
Pg = Noise + 9dB =-145 dBW
SEA STATE 3

BISTATIC I
BUOY TRANSMITTER — SHORE RECEIVER
Gy = 1dB
Gg = 22dB
F = 10MH:z
o = 100m?
Pp = 1kW

3 dB efficiency loss
Noise = -154 dB/1-Hz band
PR = Noise +9dB

SEA STATE 3

BISTATIC 11
BUOY TRANSMITTER - BUOY RECEIVER
Gp = 1dB
Gg = 1dB
F = J0MH:z
o = 100m?
Pp = 1kW
Noise = -154 dBW/Hz band
PR =  Noise + 14 dB
SEA STATE 3

(S) Figure 1. System Parameter Tabulation (U)
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SYSTEM PARAMETERS

' GT =208
 Gp =208
PT =30 DBW i,.,\) N\
°\
o =20 DBSM Nz *y
S/N = 308 ‘\
WORST NOISE R |
CONDITION: A ]
ol
SUMMER 0000-0400 ¥ N
—-180 DBW BOSTON * N
NEW 7. ','
YORNK X _/COVERAGE °I
. 2
X [}
WASHINGTON s )
‘ X LY
1 . ./
s/
) d
. ; @ sERMUDA
A S o
v 1
4 /
» __COVERAGE
", . ey
R X! 1 BUOY TRANSMITTERS
(;: e ," ¢ BUOY RECEIVERS
"\ oy —~ = UNDERSEA CABLE
b,.. 4:,4"-' o © CABLE TERMINALS
IJ‘("~

(S) Figure 5, Coverage Map of Fence Radar Using Buoy Pairs (U)
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(S)

(S) Figure 6. East Coast Coverage Using 10 Monostatic Shor 2 Stations and About

30 Buoy Receivers (S)
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COMPARISON OF SEVERAL BTEW SYSTEM CONFIGURATIONS (U)

J. W. Follin, Ir.

Applied Physics Laboratory
The Johns Hopkins University
8621 Georgia Avenue
Silver Spring, Maryland 20910

() A relative comparison of different system configurations can be made without detailed target and
ambient noise conditions by comparison of illuminating power at the target for several geometries. For
example, Figure 1 shows the power delivered to a buoy from a shore radar with an aperture of 1 kilometer
and an average power of 1 megawatt as a function of range to the turget. Also shown are the powers
delivered to a target from a buoy radiating one kilowatt isotropically. By comparing these cases for

which the power on target is identical, it is possible to determine the buoy spacing for which the signal-
to-noise at the land-based receiver is the same for both systems. It must be realized that the target

aspect, and hence its radar cross section, ray differ: and the Doppler shift expected, especially for SLBMs.

will also differ.

() The second set of curves in Figure 2shows a2 comparison in which the system is run backward,
transmitting from land and receiving on the buoy. Tiis system has an advantage of 30 dB in average power
while all of the antenna gains are comparable. In addiiion, it is probable that the ambient noise in the
vicinity of the buoy is less than that in the vicinity of \iie [and-based radar, perhaps by 10 dB. This

shows that, tor system ranges of 500 kilometers from st e, a buoy spacing of 400 kilometers gives
comparable performance directly between adjoining buoys, and improved performance closer to the
individual buoy locations.

(C) For the skywave case we oversimplified the ionospheric path to the line-ot-sight minus 10 dB,

and the illumination density, as shown in Figure 3. Figure 4 shows the comparison of monostatic versus
bistatic. It is apparent that rather high buoy densities are required to compete with the monostatic radar

skywave case.
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() These companisons between systems only suggest which one is preferable, not whether it can in
fact cut the mustard, and more detailed calculations such as those presented by the preceding speakers
are needed to determine system effectiveness. However, before final conclusions can be drawn it seems
4 sate conclusion to draw that BTEW surface wave systems are useful, but for the skywave case much

more analysis is required, especially with a disturbed ionosphere.
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PANEL REPORTS (U)

I CONCLUSION (U)
A, Path Loss (from Carter Cay) (U)

tU)  Average absolute received path loss compares well with predicted average loss (Sca States 0-1),
to 1-2 dB.

(L) Total spread on received path loss at 5 and 10 MHz compares well with predicted variations
with sea state by Barrick; i.e., about 3 dB at 5 MHz and about 9 dB at 10 MHz. At 15 and 20 MHz,

the data points are too few to permit any conclusions.

() Day-to-day correlation between measured path loss and predictions based on hindcast wind

and wave data is generally poor, except for two or three days when there were significant changes in
{ ) sex state. However, day-to-day correlation of the three sources of hindcast data is also poor. Hence,
in the absence of actual ocean spectrum measurements, day-to-day correlation of measurements with

predictions is not expected to be a meaningful test of sea state dependence.

(8))] Correlation between 5, 10, 15 and 20 MHz path loss measurements on a day-to-day basis
should provide some test of dependence on sea state. If more data points can be obtained at 5, 15
and 20 MHz, such correlations will be meaningful.

(V) Day-to-day variations in path loss due to equipment svstematic errors are believed to be less
than 2 dB (Dr. L. Wetzel provided rough calculations to document this conclusion).

(U)  Conductivity variations of the sea water (based on analysis) had no important role in received

signal loes variations.

(U)  Possible effects of ducting are completely unknown. No way is known of assessing this
factor from existing measurements, nor are any predictions or even estimates available (to anvone’s

knowledge) on the seriousness of ducting over the sea at HF.

(U)  There is some evidence of possible direct signal spectral broadening duve to the moving sea

surface, especially at the higher fraquencies. However, limited high sea state occurences and possible

contamination by sky-wave make any final conclusions about spectral broadening impossible.

22
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B. Sea Clutter (from the Buoy and Carter Cay) (U)

(U) Comparisons of clutter measurements with wave heights and directions are meaningful primarily
for the buoy measurements; too much of the area in the various range gates around Carter Cay con-
sists of land, shoals, or shallow water, especially the significant backscatter region behind the trans-

mitter. Hence, correlations are to be based primarily on buoy data.

() Buoy measuiciicnts were restricted to only the 5-MHz data for about 10 days in March. Some

possibility exists for examining clutter spectra at 10 MHz from the December measurements.

(W Clutter spectra permit detailed analysis enly in the 1%-Hertz mode, i.e.. spread out so that
the resonant Bragg scatter ocean waves whose Dopplers lie within one Hertz of the curves can be

observed.

(U  On the basis of existing measurements, the predicted mechanism is well confirmed from the
“clutter occupancy” of the spectrum. The “pedestals’™ predicted for bistatic geometries are present,
and their width and position varies exactly as predicted throughout the different range gates, phase
code rates, and frequencies.

(U)  Correlation of 5-MHz spectra with expected spectra based upon ocean wave height and direc-
tion hindcast data for several days shows excellent agreement and again confirms the predicted

mechanism.

(U Total scatter cross section, 0°, as deduced from measurements on several days with moderate
seas. agrees reasonably well with predictions and with measurements of Crombie, Headrick and others.
There remain differences of definition of ¢©, but these will be resolved so that more of these inde-

pendent comparisons can be made directly.

(U) Little can be deduced from the mcasurements about the region between the carrier and the
clutter pedestals during higher sea states. While some records for higher sea states show this region
well filled in compared to similar records for calm seas, too few such comparisons are available.

No present first-order theory offers estimates for this region either,

10))] Measurements at S MHz show higher clutter levels than would have been deduced from the
“cutoff” of the wind-wave models. Often the latter models on the days in question would have

predicted no scatter because of the absence of resonant ocean waves. Thus the medsurements show
that the standard windwave models are not reliable in the lower regions because of the presence of

some longer ocean waves, or swell.
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(9 Agreement between theory, the Raytheon measurements, and the measurements of others is
s0 good that the theoretical models can be used reliably for system design purposes at HE. This is
espectally true in aircraft or SLBM detense where high Doppler shifts are expected. Use of the models
for low-velocity target systems (such as ship detection) must be tempered somewhat by uncertainties

in clutter fevel around the fint-order spectral pedestals of the model.

C. Sea-State Observations (U)

(U There were three significant regions of sea involved in the Carter Cay  Cape Kennedy
propagation path: 1), shallow water near the Florida coast (about 30 km); 7) the moving currents
of the Gulf Stream; and 3), the shoal waters near the Bahamas (about 55 km). Distinctly differert

occan-wave conditions were consistently observed from the surveying aircraft in these three regions.

(U)  Wind speed and direction has been plotted on a daily basis at both Cape Kennedy and Grand
Bahama Island. Wave hindcast data showing waveheight and direction for the general region of the

Atlantic has also been plotted on a daily basis.

(Uy  The possible sources of information about the state of the sea mentioned above correlated

poorly on a day-to-day basis.

(U Aerial photographs of the sea wave were made for 18 days. The goal of these flights was the
direct construction of isotropic water-wave spectra using the Stilwell coherent optics technique. Due

to the use of the wrong type of film. such spectra cannot be computed from anv of the photographs.

(U)  The above photographs can and will be used to deduce rough information about ocean-wave

directionality.

(U Laser profilometer measurements were also recorded along the propagation path during the 18
flights. Because of uncertainties involving aircraft motion contaminating the height data, no usable

ocean wave spectra have yet been available.

W) Aircraft motions were recorded during the eighteen flights a< an accelerometer output. NRL
persornel have stated that this accelerometer output will be analyzed and the knowledge of the
resulting aircraft motion spectrum will be used to obtain the true ocean-wave spectrum. They have

promised that these spectra will be processed within one month.

(U)  Hindcast data show that over the three-month measurement period, the seas were relatively
calm with a Sea State 6 being reported only once. Average conditions appeared to be Sea State 1 (o
Sea State 3.

(U)  Accelerometer and inclinometer data telemetered from the buoy is of insufticient quantity and

reliability to allow the inference of sea state conditions.
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I RECOMMENDATIONS (U)

A Additional Measurements (U)

(0 The Committee on Theory and Measurements recommends additional path loss measurements,
I'he suggestion was initiated by Dr. Allen Peterson and discussed in some detail by the committee.

I'he reasons that additional path loss measurements were felt necessary are listed below.

o (U) Path loss measurements at 5, 15 and 20 MHz at present appear too few and
sporadic to pernmit conclusions or even trends to be established.

o (U) Overlapping days, i.e., days on which path loss at more than one frequency
was obtained, are very few. Overlap on the days with high sea states or high
weather conditions (i.¢.. conducive to possible ducting) does not exist. Without
many such overlapping days, effects of the environment cannot be studied or
related to measurements.

o (U) Spectral widening of the direct signal by the moving sea during high sea states
appears to be a possibility from one or two records, but again too little data is
available during high seas to permit any conclusions about this important phenomenon.

o (U) Much of the time the ground-wave signal was contaminated by sky-wave.
It was only near the end of the three-month period that phase-coded emissions
at 5 and 10 MHz permitted positive separation of ground-wave from sky-wave.

® (U) The weather in the area from January through March does not normally
undergo great changes. Temperature and seas appear to vary less about a mean
than during warmer summer months and hurricane seasons.

e (U) Nearly one-third of the path crosses shoals, while much of the remainder
crosses the Gulf Stream.  Hence, most of the path consists of water whose surfuce
1s not typical of deep-water ocean.

(U)  The suggested investigation would consist of and emphasize the following parts:
e (U) A long path over deep water would be selected, preferably with end points

on lund so as to reduce expense of the measurements. The path should be 300 10
400 km long. A possible path considered and recommended stretches between
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(U)

Cape Cod and northern Maine, near the Bay of Fundy; over 90 percent of this
path is over water more than 500 feet deep. Reported seas in this ared are quite
high and often influenced by Northeasterly storms Llowing nearly parallel to the
propagation path.

() Phase-coded, highly stable signals at 5, 10, 15 and 20 MHz should be employed.
I'he phase-code is necessary to ensure separation of the ground-wave from the
sky-wave.

(U Path-loss measurements should be made twice daily over a period of five
months. The measurement period chosen should include both summer and winter
weather.

(U) Field-strengtlie probes should be used daily to calibrate the main transmit and
receive antennas.  The field structure from the main antenna out along the beach
and into the water should also be probed, at least once during the period.

(U) The main antennas should be kept simple, i.c.. vertical quarter-wave monopoles.

(C) Path-loss signals for the ground-wave should be measured in Range Gate 0,
i.e., the range gate corresponding to the arrival time of the direct signal. Spectral
processing should be available so as to allow better than 0.01-Hertz resolution.
This will permit a study of direct signal broadening due to sea wave motion and
{possibly) atmospheric turbulence.

(U) Range Gates 1, 2, 3, 4, cte. should also be spectrally examined (occasionally)
to permit study of sca clutter and sky-wave signals.

(C) One wave spar should be used to measure and telemeter the isotropic ocean
wave spectrum somewhere near the path midpoint.

(U) Pulsed sea backscatter measurements should be made near the receiver site,
in the manner reported by Crombie in his papers presented in these proceedings.
These measurements appear to allow fairly accurate and inexpensive calculation

of the isotropic ocean waveheight spectrum.

(U) Hindcast wind and wave data should be collected. Also, quantitative
meterological data versus altitude and position should be gathered where possible
to permit calculation and study of the refractivity.

(U) Signal strength versus range should be measured at least once during the
experiment.  This could be done with a transmitter on a small boat or from
various other shore points.

(U) Horizontal polarization ncar the receiving antenna should be measured several
times, especially during high scas. This will indicate the presence of any de-
polarization from steeply sloping ocean waves,

¢
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Additional Processing of Existing Data (U)

(U NRL should be asked to complete analysis of wave data from their profilometer records for
the 18 flights. This ocean-wave data should be plotted beside the path loss measurements for the
same days.

10))] Raytheon should, where possible, process and plot more points of path loss on §, 15 and
20 MH..

tU)  The total number of reliable path-loss points on each frequency should be calculated.
(Uy  The mean and variance of the path loss signals on each frequency should be calculated.

(0 Mecan and variance of expected (or predicted) path ioss should be calculated for each frequency
based on the hindcast waveheight data on the days of observations.

(U)  Averages of several clutter spectral records in the 1%-Hertz mode should be made, especially
for days such as March 23 and March 26 when clutter is clearly in evidence. These averages should
be made over a duration for several independent samples (an independent sample in the 1%-Hertz
mode is 162 seconds long).
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TASK ABSTRACTS (U)

THEORETICAL STUDIES; CALCULATIONS SURFACE WAVE (U)

Organization (U)

(U) Battelle Memorial Institute

Specific Objective (U)

()  Determination of surface wave attenuation and clutter as a function of sea state, range,
frequency and aspect angle.

System Concept-Relation and Importance (U)

(U)  Important to all concepts where surface wave propagation is involved in predicting the clutter
amplitude and doppler of the sea and the range performance.
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THEORETICAL STUDY-ATTENUATION OVER IRREGULAR INHOMOGENOUS TERRAIN (U)

Organization (U)

(U ESSA
Specific Objective (U)

(U) Development and application of theoretical techniques for determining the surface wave
atteruation over surfaces having different dielectric constants and conductivities,

System Concept-Relation and Importance (U)

(U) Applicable in predicting system performance where surtace wave is used and land sea intcr-
faces occur, Typical examples involve an antenna located on land and using surface wave for trans-
mission or reception; or where energy used in surface wave mode must traverse an island. This is

important in determining system losses that reduce range or cause shadow zones (e.g., islands).
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BISTATIC SEA ATTENUATION AND CLUTTER MEASUREMENTS (U)

Organization (U)

(Uy  Raytheon

Specific Objectives (U)

(W Substantiated the theoretical calculations of attenuation and clutter of surface wave propaga-

tion as a function of sea state, frequency, distance, and aspect angle.

System Concept-Relation and Importance (U)

$ Applicable in predicting the performance of all systems where ocean surface wave is used

in propagating to and/or from target.
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MONOSTATIC SEA CLUTTER MEASUREMENTS (U)

Organization (U)
(" FSSA
Spevific Objective (L)

() Determine and correlate with sea Ltate the monostatic clutter spectrum as a function of range
(=150 km) and frequency.

System Concept-Relation and Importance (U)

Q) Important in predicting range performance and clutter rejection requirements of a land
based or ship based monostatic radar.
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SLBM CROSS-SECTION (U)

Organization (U)

(V) Stantord Research Institute

Specific Objective (U)

(s Compile and summarize the available data on the theoretical calculation and measurements
of SLBM cross-sections.

System Concept-Relation and Importance (U)

\ &) Required for the design and performance prediction of HF radar systems against SLBM's.
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SHIP CROSS-SECTION MODEL MEASUREMENTS (L)

Organization (U)

(U)  Stanford University

Objective (U)

(S Calculate theoretically and measure experimentally cross-sections of two representative scale
model ships as a function of frequency, aspect angle and polarization at HF.

System Concept-Relation and Importance (U)

) Required to determine ship detection system performance “alculations.
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SHIP CROSS-SECTION MEASUREMENTS (U)

Organization (U)

tU)  Naval Research Laboratory

Objective (U)

() Measure cross-sections of actual ships at specific aspect angles and frequencies with the
MADRE radar.

System Concept-Relation and Importance (U)

) Demonstrates that ships can be detected using pulse Doppler Radar. Provides check points
at specific frequency and aspects to correlate with model measurements. Provides input for system
performance calculations.

SECRET
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WAKE STUDY (U)

Organization (U)

()  ESSA

Specific Objective {U)

() Determine theoretically the size, aspect, frequency, and spectral characteristics of ship and
submarine wakes applicable to HF radar.

System Concept-Relation and Importance (U)

(S) Ship wakes may be of sufficient size and spectral characteristics so as to enhance the nominal

ship= cross-section and increase the capability to detect and track ships.

(S) Under certain high speeds and shallow depths of travel submarines may produce wakes that
are detectable with HF radar.
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FLEET AIR DEFENSE (FAD) TEST NO. 1A (U)

Organization (U)

(U ITT-Electro Physics Laboratory/Naval Research Laboratory

Objective (U)

(S To conduct an initia! demonstration of the feasibility of detecting and tracking aircraft with
the Fleet Air Defense (FAD) concept using distant sky-wave illumination from a ground-based
transmitter and receiving the target reflected cnergy via a surface wave to a land-based receiver.
Compare the concept using two different signal formats.

System Concept-Relation and Importance (U)

S An important initial demonstration o ensure thers are no major problems in the basic con-
cept prior to proceeding with a shipborne receiver instaliation. Ensures that dynamic range, target
cross-polarization cross-section and clutter can be handled by known technology. The concept is

important in providing a silent fleet surveillance capability.
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MONOSTATIC DOPPLER SEA CLUTTER MEASUREMENTS (U)

Organization (U)

(U  Naval Research Laboratory

Specific Objective (C)

(S Determine the Doppler characteristics of sea clutter using the MADRE radar.

System Concept-Relation and Importance (U)

(S)  Provides typical Doppler sea clutter records for the design of pulse Doppler ocean surface
surveillance radars. Measurements are limited in frequency range (10-26 MHz) and at a specific
fixed frequency at any one time.
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MONOSTATIC HIGH RESOLUTION SEA CLUTTER MEASUREMENTS (U)

Organization (U)

(W Stantord University

Specific Objective (U)

($H Determine the amplitude and polarization charactenstics of sea scatter in azimuth and
FM/CW high resolution techniques.

System Concept-Relation and Importance (U)

(Y] It may be possible to detect ships on the surface of the ocean on a power basis. That is if
resolution cell size is reduced in range and azimuth until its cross section due to sea clutter is less
than that of the ship.
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SHIP AHOY NO. 1A (U)

Organization (U)

(I Stanford University

Objective (U)

S Investigate the feasibility of detecting ships using an FM/CW technique on a power-only
basis by reducing the size of the range azimuth cell.

System Concept-Relation and Importance (U)

(NY) The Doppler radar technique will not detect ships with low radial velocities or that are

stationary. This concept will permit detection of ships under such circumstances.
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BUOY TACTICAL EARLY WARNING (BTEW) TEST NO. | (S)

Organization (U)

(n Raytheon

Objective (U)

(S Conduct an initial demonstration of dctecting aircraft and missiles using the BTEW concept,
transmitter on a buoy with a land-based receiver in real-time at short ranges using surface wave

propagation.

System Concept-Relation and Importance (U)

Y The use of the BTEW concept can provide coverage beyond microwave radar coverage and in
the skip zone of OHD backscatter skywave radar coverage for CONUS defense and special tactical
applications. The technique is not dependent on the ionosphere and can operate after a nuclear
detonation. In fact after a nuclear detonation, galactic and other user noise will decrease and
coverage of this concept will be increased.
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BUOY TACTICAL EARLY WARNING (BTEW) TEST NO. 2 (S)

Organization (U)

(h  Sylvania

Objective (U)

S Conduct an imtial demonstration of the detection of aircraft using the BTEW concept,
transiitter on a buoy with a land-based receiver in real-time at long ranges using surface wave
propagation from transmitter to aircraft and sky-wave from aircraft to recciver.

System Concept-Relation and Importance (U)

S5 The use of the BTEW long range concept should extend the range of SLBM and aircraft
coverage beyond the range of OHD sky-wave backscatter radar.
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ADVANCED RESEARCH PROJECTS AGENCY
3701 NORTH FAIRFAX DRIVE
ARLINGTON VA 22203 1714

»

1 ‘&@ August 19, 1996

1 MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER

SUBJECT: Declassification of Reports

The following documents have been declassified and released
wndei a freedum of Information reguest and aie tierefoie iu ihe

j public domain and may be marked with the "A” statement:

AD 513725, Project Aquarius Special Report EDL M 1380
AD 509068, Project Aquarius Annual Report EDL G 915

AD 507423, Project Aquarius Quarterly Report EDL G 900
AD 514939L, MAYBELL Technical Workshop

AD 515288L, Project Aquarius Final Report EDL E 184

“Whatt T.M
Matt T. Donlon

Director
Security and Intelligence Office

-

X cC:
5 F.A. Koether
; (96-45)
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